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LETTER OF TRANSMITTAL. 



National Academy of Sciences, 

WasMngtonj 2>. 0., January 10, 1884. 

SiE : In conformity with the requirements of the act of incorporation, 
approved March 3, 1883, 1 have the honor to submit herewith a report 
of the operations of the National Academy of Sciences daring the past 
year. 

Very respectfully, your obedient servant, 

O. 0. MARSH, 
President of the National Academy of Sciences, 
To the President of the Senate. 
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REPORT 



or 



THE NATIONAL ACADEMY OF SCIENCES. 



The National Academy of Sciences was established by act of Con- 
gress, in March, 1863, with power to frame its own constitution, select 
its own members, and provide in other respects for its continuance and 
successful operation. 

The object of the Academy is to advance science, ^nd especially to 
investigate, examine, experiment, and report on any subject of science 
or art whenever called upon by any department of the Government. 

The Academy contains, at present, about one hundred members, and 
these have all been selected for their original researches in science. They 
represent within their ranks nearly every department of knowledge, 
aud their services, in accordance with the charter of the Academy, are 
always at the disposal of the Government, without compensation. 

SESSIONS OF THE NATIONAL ACADEMY. 

During the past year the Academy has held three sessions. The 
first was the regular annual session, held in Washington, April 17 to 
20, 1883 ; the second was a scientific session, in Kew Haven, Conn., 
November 13 to 16, 1883 ; and the third was a special session, in New 
Haven, November 14, 1883. 

STATED SESSION. 
Held in Washington City, April 17 to 20, 1883. 

The Washington session was held in the National Museum, the vice- 
president. Prof. O. 0. Marsh, presiding. 

' ^ In the absence of the home secretary, Mr. Newcomb, Mr. Asaph Hall 
was elected secretary pro tern. 

The following members were present during the session: 



Abbe. 


Ferrel. 


Langley. 


Eowland. 


Abbot. 


Gibbs. 


Marsh. 


Schott. 


Agassiz. 


Gill. 


Meigs. 


Scudder. 


Baird. 


Hall. 


Mitchell. 


Silliman. 


Barker. 


Hayden. 


Peirce. 


Trowbridge, J. 


Brewer. 


Hilgard, J. B. 


Peters. 


Trumbull. 


Coffin. 


HUl. 


Powell. 


" Wright. 


Cooke. 


Humphreys. 


Pumpelly. 


Yonug. 


Cope. 


Hunt. 


Kemsen. 
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Prof. Otto von Striive, astronomer royal of Russia, and his son, Dr. 
Hermann von Stnive, were invited to attend the meeting and present 
papers. 

At this session the following papers were read and discussed : 

1. Le Conte, Joseph. — Od the Genesis of Metalliferous Veins. Read by Mr. Hunt. 

2. Remsen, Ira. — On the Nascent State of Oxygen. Discussed by Mr. Hunt. 

3. LooMis, Elias. — On Barometric Gradients. Read by Mr. Abbe. Discussed by 

Messrs. Ferrel, Abbe, and Coffin. 

4. COPB, E. D. — On the Structure of the Skull in the Hadrosauridae. Discussed bj" 

Mr. Marsh. 

5. Hill, G. W. — Determination of the Inequalities of the Moon's Motion which are 

produced by the Figure of the Earth. A supplement to Delauney's ** Theorie 
du Mouvement de la Lune." 

6. Hunt, T. Sterry. — On the Decay of Rocks geologically considered. 

7. Mitchell, S. Weir, and Reichert, E. T. — On the Composition of the Venom of 

Serpents. Discussed by Messrs. Barker, Remsen, and Gibbs. 

8. Ferrel, W. — Maxima and Minima Tide Predicting Machine. (Exhibition of the 

machine.) 
9« Remsen, Ira. — On Changes in the Properties of Atoms and Atomic Groups, caused 

by change in position in the Molecule. 
10. Langley, S. p. — On the Measurement of Wave Lengths of Heat. Discussed by 
Messrs. Rowland and Young. 
. Langley, S. P. — On the Spectrum of an Argand Gas-Burner. Discussed by 
Messrs. Barker, Gill, Abbot, and Rowland. 

12. Barker, Geo. F. — Efficiency of Storage Batteries. Discussed by Mr. Bell. 

13. Strive, Otto von.— (By invitation of the Academy.) On the great Object 

Glass made by Alran Clark & Sons fo^^the Pulkowa Observatory. Discussed 
by Messrs. Hall, Marsh, and Peters. 

14. Peters, C. H. F. — Photographs of the Great Comet of 1882. Discussed by Mr. 

HaU. 

15. Wright, A. W. — Some Experiments upon a Method of forming a Visible Imago 

of the Solar Corona. 

16. Wright, A. W. — On the Phosphorescence of Sulphate of Quinine. Discussed by 

Messrs. Hall and Barker. 

17. Gibbs, Wolcott. — ^Further generalizations regarding Complex Inorganic Acids. 

Read by Mr. Barker. 

ELECTIONS. 

Prof. O. C. Marsh, vice-president, was elected president to fill the 
vacancy caused by the death of President William B. Kogers. 

Prof. Simon Newcomb, home secretary, was elected vice-president. - 

Prof. Asaph Hall, secretary _pro tern., was elected home secretary. 

The following members were selected for the council of the ensuing 
year: Messrs. S. F. Baird, W. Gibbs, J. E. Hilgard, M. 0. Meigs, F. 
Bogers, C. A. Young. 

NEW MEMBERS. 

The following new members were elected: Messrs. A. Graham Bell, 
John S. Billings, Henry B. Hill, Grove K. Gilbert, Charles L. Jackson. 

FOREIGN ASSOCLiTES. 

The following gentlemen were elected foreign associates: Messrs. J. 
C. Adams, Arthur Auwers, M. P. E. Berthelot, J. L. F. Bertrand, J. B. 
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J. D. Boussin^ault, Arthur Cayley, M. E. Ohevreul, Eudolph Olausius, 
Alphonso De Candolle, J. B. Dumas, Baron H. von Helmholtz, Sir J. 
D. Hooker, T. H. Huxley, G. E. Kirchoff, Albert von KoUiker, Theo- 
dore von Oppolzer, Louis Pasteur, F. von Eichthofen, G. G. Stokes, 
Otto von Struve, J. J. Sylvester, Sir William Thomson, Eudolph von 
Virchow, Adolphe Wiirtz. 

treasurer's REPORT. 

The treasurer presented the following report, which had been exam- 
ined by the auditing committee, Messrs. Schott and Abbe, and ap- 
proved : 

1. General account, April 18, 1882, to April 16, 1883. 

RECEIPTS. 

Cash balance from last year $340 58 

Dues collected from members , 530 00 

Interest on District of Columbia 3.65 bond 36 50 

Total assets ^ 907 08 

EXPENDITURES. 

Stationery, printing, and postage $157 11 

Copying 30 00 

Expenses of April and November meetings 258 99 

Rent and care of library room 121 00 

Expenses of committee on sorghum 109 31 

676 41 

Cash balance on hand April 16, 1883 230 67 

Dues from members 30 00 

District of Columbia 3.65 bond 1,000 00 

Total assets 1,260 67 

2. The Bache tntst fund, 

RECEIPTS. 

Cash balance from last year, including $43.18 of uninvested capital $3, 344 70 

Income receipts during year 2, 306 85 

Drawback of special assessments on Washington House 36 62 

$9,850 United States loan, 3^ per cent., called and redeemed 9, 850 00 

Total 15,538 17 

EXPENDITURES. 

Appropriation by directors of Bache fund $1, 200 00 

Taxes on Missouri land 18 65 

Cost of $9,900 United States loan, 4^ per cent., of which $59.10 is 

accrued interest 11, 236 50 

Cost of $1,500 District of Columbia loan, 3.65 per cent., of which 

$22.75 is a<$crued interest 1,668 75 

14, 123 90 

Balance of income fund, cash ^ 1,414 27 

A<ld District of Columbia loan, 3.65 per cent 4, 500 00 

5.914 27 
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The changes of investments daring the year are as follows : 

United States loaD, 3^ per cent., called and redeemed $9, 850 00 

United States loan, 4| per cent., purchased 9,900 00 

Increase, previously uninvested, $43.18; from income fund, $6.82 50 00 

19,800 00 
3. The Watson fund. 

RECEIPTS. 

Cash from L. Gruuer, executor of the estate of James C. Watson $7, 050 25 

Dividend on stock of Michigan Mntual Life Insurance Company 768 75 

Interest on $6,000 United States loan, 4^ per cent 139 50 

7,958 50 

EXPENDITURES. 

Appropriation by Board of Trustees for total solar eclipse, May 6, 

1883 $300 CO 

Cost of $6,209 United States loan, 4i per cent., of which $23.25 is 

accured interest 7,013 75 

$7, 313 75 

Balance 644 75 

IN^^5STMENTS. 

United States loan, 4i per cent $6,200 00 

-One hundred and thirty-four shares of capital stock of Michigan Mutual Life 

Insurance Company, received from L. Gruuer, executor, par 6, 700 00 

Total 12,900 00 

J. H. C. COFFIN, 

Treasurer, 

The following report of the committee to examine securities held by 
the Academy was read and approved: 

Washington, D. C, April 11, 1883. 

The committee, Messrs. Meigs and Gill, appointed at the April session, 1882, of the 
National Academy of Sciences to examine securities in the hands of the treasurer, 
report that they have examined said securities, and tind they are as follows : 

1. Bache trust fund. 

United States loan, 4^ per cent $42, 100 

United States loan, 4 per cent 3, 850 

City of Davenport loan, 6 per cent., coupon 1,000 

City of Philadelphia loan, 6 per cent 600 

47, 550 
Also a deed for 160 acres of Missouri lands. 

Also an agreement with the Pennsylvania Company for the insurance outlives and 

granting annuities as to the final disposition of the Joseph Henry fund of $40,000. 

2. Income of the Bache fund. 

District of Columbia 3.65 per cent. ($500 of which are coupon) $4,500 

3. General fund. 
District of Columbia 3.65 percent 1,000 
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4. Watson trust fund. 

United States loan, 4|per cent $6,200 

Certificate far 134 shares of capital stock of the Michigan Mutual Life Insur- 
ance Company, par .^ 6,700 



12, 900 
Mrs. James C. Watson claimed, and was allowed, under the law of Wisconsin, one- 
third of the estate of her late husband in lieu of the bequests made her. 

THE HENRY DRAPER MEDAL. 

The president announced that Mrs. Henry Draper, widow of Dr. Henry 
Draper, late an honored member of the Academy, had presented to the 
National Academy of Sciences a fund of $0,000 for the establishment 
of a gold medal to be awarded every two years to the individual in this 
or any country who makes the most important discovery in astronom- 
ical physics, the value of said medal to be $200, and the fund, in case the 
medal should not be awarded, to be applied by the Academy to investi- 
gations in the same department of science. 

DEATH OF MEMBERS. 

The president announced the death of a membei of the Academy, 
Dr. Henry Draper, who died in New York, November 20, 1882. 
Mr. G. F. Barker was appointed to prepare an obituary memoir. 

RESOLUTIONS. 

The following resolutions from the council weie adopted: 

It was resolved that the assessment for the ensuing year be $5. 

Resolvedf That the secretary be directed to acknowledge, with thanks, the invita- 
tion extended to the Academy by the Royal Society of Canada to send delegates to 
the meeting to be held at Ottawa, May 22,1883. 

The president appointed Mr. Hunt to represent the National Academy 
of Sciences at said meeting. 

The treasurer, Mr. Coflfin, presented the following resolution in regard 
to the bequests of the late James C. Watson, which was adopted : 

Resolvedj That the National Academy of Sciences accepts the bequests of the late 
Janies C. Watson for the trust and purpose expressed in his will. 

Besolvedf That the Academy approves of the appropriation made by the Board of 
Trustees of $500, or as much of the same as may be necessary, to aid in the observa- 
tion of the total solar eclipse on May 6, 1883. 

Mr. Cofl&n moved that the deed of Mrs. Henry Draper be entered at 
length in the minutes of the meeting. The motion was adopted. 

Resolved f That the acknowledgments of the National Academy of Sciences are due 
to the honorable Secretary of the Navy, the Chief of the Bureau of Navigation, and 
the Superintendent of the Naval Observatory for the interest they have manifested 
in the expedition for observing the total eclipse of the sun in May next, organized 
under the direction of a committee of the Academy, and for the important aid and 
facilities afforded by the Navy Department to promote and secure its success. 
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The following resolation was recommended by the council and 
adopted : 

Besolvedf That a permanent committee of five be appointed to consider the subject 

of the bestowal of the Henry Draper medal, and to recommend to the Academy, from 

time to time, snch persons as they may consider deserving of the medal, with the 
ground of tbeir recommendation. 

Mr. Pumpelly moved that the committ^^e be appointed by the presi- 
dent. 

The motion was adopted, and the following members were appointed: 
Messrs. Barker, W. Gibbs, Newcomb, Wright, Young. 

Mr. Abbe moved that Mr. Gill be reimbursed for expenses incurred 
in the preparation of the list of papers and publications of the Academy 
at the rate of twelve cents per hundred words. The motion was 
adopted. 

Mr. Gill suggested that it would be well to have an account of what 
the Academy had done through the expenditures of its funds, and offered 
the following resolution : ^ 

Resolvedf That the treasurer and those interested in the expenditures of moneys of 
the Academy should make a report of what had been done in the past twenty years. 

The resolution was referred to the council with power. 

The president appointed Mr. Meigs to fill the place made vacant by 
the election of Mr. Newcomb in the committee to represent the Academy 
before Congress. • 

The president also appointed the following committee on printing : 
Messrs. Baird, Cofl&n, and Newcomb. 

REPORTS OF COMMITTEES. 

Mr. Gill, who was appointed to prepare a complete list of all the pub- 
lications of the Academy, presented a list of some 750 papers and pub- 
lications, and moved that the home secretary be requested to co-operate 
in this matter, and furnish, in addition, the reports made by committees 
of the Academy to various Departments of the Government for incor- 
poration with the said list. The motion was adopted. 

The chairman of the committee on the election of foreign associates, 
Mr. Agassiz, presented twenty-live nominations to be voted on, and ex- 
plained the manner in which they had been prepared. 

The committees on alcohol and sorghum sugar, having made their 
reports, were discharged. 

The Academy adjourned April 20, 1883. 
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SCIENTIFIC SESSION. 
Held in New Haven, Conn., November 13 to 16, 1883. 

A scientific session, for the reading of papers only, having: been called 
by the council, as announced at the April session, the Academy convened 
at Yale College, New H!aven, Conn., on November 13-, 1883. The presi- 
dent, Prof. O. C. Marsh, presided. 

The following members were present during the session: 



Barker. 


Gibbs, W. 


Morse. 


Eowland. 


Bell. 


Hall, A. 


Newberry. 


Scudder. 


Brewer. 


Hall, J. 


Newcomb. 


Silllman. 


Brush. 


Hunt. 


Newton, H. A. 


Trowbridge, W.;P. 


Coffin. 


Johnson. 


Packard. 


Verrill. 


Cooke. 


Langley. 


Pickering. 


AValker. 


Dana. 


Looniis. 


Powell. 


Wright. 


Gibbs, J. W. 


Marsh. 


Pumpelly. 


Young. 



The following gentlemen were invited to attend the meetings, and to 
take part in the scientific proceedings : Prof. W. D. Whitney, Prof. E. 
S. Holden, Dr. W. L. Elkin, Prof. Lewis Boss, Dr. C. S. Hastings, Mr. 
E. H. Chittenden, Dr. Carl Barus, Dr. William Hallock, Major McFar- 
land. Corps of Engineers, D. S. A., and Mr. O. T. Sherman. 

The following papers were read and discussed : 

1. Bell, A. Graham. — Upon the formation of a Deaf Variety of the Haman Race. 

Discussed by Messrs. Brewer, Bell, Powell, Scudder, and Newcomb. 

2. Hall, A. — Notes on the Mass of Saturn. Discussed by Messrs. Newcomb, A. Hall, 

Young, Coffin, and Pickering. 

3. Hunt, T. Sterry. — The Animikie Rocks of Lake Superior. Discussed by Messrs. 

Powell and Hunt. 

4. Chittenden, R. H.— (By invitation of the Academy.) On some new primary 

Cleavage Forms of Albuminous Matter. 

5. Young, C. A., and Coffin, J. H. C, and (by invitation) Holden, E. S., and Hast- 

ings, C. S. — On the Solar Eclipse of May 6, 1883. Reports. Discussed by 
Messrs. Young, Rowland, Newcomb, Hastings, Langley, and Wright. 

6. Newcomb, S. — On the use of the word ** Light" in Physics. Discussed by Messrs. 

Young, Langley, Newcomb, Pickering, and Bell. 

7. Brewer, W. H. — On the Subsidence of Particles in Liquids. Discussed by Messrs. 

Rowland, Silliman, Brewer, Hunt, Newberry, J. W. Gibbs, Powell, and Johnson. 

8. Rowland, H. A. — On a new Photograph of the Solar Spectrum. Discussed by 

Mr. W. Gibbs. 

9. Langley, S. P.— ^Atmospheric Absorption. Discussed by Messrs. Pickering, Young, 

and Langlej". 

10. Newcomb, S. — On the Theory of Errors of Observation and Probable Results. 

Discussed by Messrs. Langley, Newcomb, Newton, Young, and J. W. Gibbs. 

11. Gibbs, WoLCOTT. — Preliminary notice of Phospho- vanadates, Arsenio-vanadates 

and An timonio- vanadates. 

12. Gibbs, Wolcott. — On the probable existence of new Acids of Phosphorus. 
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13. Hall, James. — Note npon the Physical Aspects of the higher members of the Che- 

mang Group and the development and distribution of the Fossil Genera, Pty- 
chopteria and Leptodesma, preceded by a review of the PectenidsB and AviculidsB 
of the Devonian System. Discnssed by Messrs. Newberry and Marsh. 

14. SiLLiMAN, B. — Notes on the Mineralogy and Lith«logy of the Bodie Mining Dis- 

trict of California. 

15. Newberry, J. S. — On the ancient glaciation of North America. 

16. Powell, J. W. — Marriage Institutions in Tribal Society. 

17. Sherman, O.T. — (By invitation of the Academy.) Personality in the measures 

of Venns's diameter as derived during Transit across the Sun. 

18. LoOMis, EiJAS. — The reduction of Barometric Observations to Sea-level. Dis- 

cussed by Mr. Brewer. 

19. Dana, J. D. — On the Stratified Drift or Terrace Formation of the New Haven 

Region, including its Kettle Holes and deserted River Channels. Discussed by 
Mr. Newberry. 

20. Marsh, O. C. — On the Affinities of the Dinosaurian Reptiles. 

DEATH OF MEMBERS. 

The president annoanced the death of the following members, who 
have died since the April meeting: Prof. Stephen Alexander, Prof. Will- 
iam A. IS'orton, Prof. J. Lawrence Smith, Dr. John Le Conte. 

The following members were appointed to prepare obituary memoirs : 

Of Professor Alexander : Prof. C. A. Young. 

Of Professor Norton : Prof. William P. Trowbridge. 

Of Professor Smith : Prof. B. Silliman. 

Of Dr. Le Conte : Mr. S. H. Scudder. 

Since the l^ovember meeting General A. A. Humphreys has died at 
Washington, D. C, December 28, 1883. 

DEATH OF FOREIGN ASSOCIATES. 

Since the !N^ovember meeting, news has been received of the death of 
Prof. Joachim Barrande, foreign associate, who died October 5, 1883, at 
Frohsdorf, Austria. 

The scientific session closed November 16, 1883. 



SPECIAL SESSION. 
Held in New Haven, Conn., November 14, 1883. 

A special session of the Academy having been called by the council, 
in accordance with section 1, Article III of the constitution, the Acad- 
emy convened at Yale College, New Haven, Conn., November 14, 1883, 
the president. Prof. O. C. Marsh, presiding. 

The president was authorized to include in his annual report to Con- 
gress, with the proceedings of the April meeting, the proceedings of 
the November meeting, the report of the committee on the solar eclipse 
of May 6, 1883, and the report of the committee on glucose. 
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RESOLUTIONS. 

Upon recommendation of the council, the following resolutions were 
adopted: 

Besolvedf That tlie president inclnde iu his annual report to Confess an expression 
of the approval of the Academy of the efforts now being made to secure a system of 
uniform time, such a system being free from objection on scientific grounds, and cer- 
tain to prove a public convenience. 

Resolved, That the president communicate to the honorable Secretary of the Navy, 
and include in the annual report to Congress, an expression of the high appreciation 
of the Academy of the generous and efficient aid rendered by the Navy Department 
to science in the observation of the solar eclipse of May last, by placing a ship at the 
disposal of the observing party, and making all arrangements necessary to secure the 
success of the expedition. 

Besolvedj That the president request the honorable Secretary of the Navy to com- 
municate to Captain Carpenter and the officers of the Hartford the thanks of the 
Academy for the courtesiesextended by them to the eclipse party while on board the 
ship, and for the energy and personal interest with which they co-operated in the work. 

Resolved, That the thanks of the National Academy of Sciences be tendered to the 
Governing Board of the Sheffield Scientific School for the excellent arrangements made 
for the accommodation of the Academy during the session. 

The special session then adjourned. 

Eespectfully submitted. 

O. 0. MARSH, 

President of ike National Academy of Sciences. 
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AN ACT to incorporate the National Academy of Sciences. 

Be it enacted by the Senate and House of Representatives of the United 
States of America in Congress assembled^ That Louis Agassiz, Massachu- 
setts 5 J. H. Alexander, Maryland ; S. Alexander, New Jersey ; A. D. 
Bache, at large 5 F. B. Barnard, at large; J. G. Barnard, United States 
Army, Massachusetts ; W. H. O. Bartlett, United States Military Acad- 
emy, Missouri; U. A. Boyden, Massachusetts; Alexis Caswell, Ehode 
Island; William Chauvenet, Missouri; J. H. C. Coffin, United States 
Naval Academy, Maine; J. A. Dahlgren, United States Navy, Penn- 
sylvania ; J. D. Dana, Connecticut ; Charles H. Davis, United States 
Navy, Massachusetts; George Engelmann, Saint Louis, Missouri; J. F. 
Frazer, Pennsylvania; Wolcott Gibbs, New York ; J. M. Gilliss, United 
States Navy, District of Columbia ; A. A. Gould, Massachusetts ; B. A. 
Gould, Massachusetts ; Asa Gray, Massachusetts ; A. Guyot, New Jer- 
sey ; James Hall, New York; Joseph Henry, at large; J. E. Hilgard, 
at large, Illinois; Edward Hitchcock, Massachusetts; J. S. Hubbard, 
United States Naval Observatory, Connecticut; A. A. Humphreys, 
United States Army, Pennsylvania; J. L. Le Conte, United States 
Army, Pennsylvania ; J. Leidy, Pennsylvania ; J. P. Lesley, Pennsyl- 
vania ; M. F. Longstreth, Pennsylvania ; D. H. Mahan, United States 
Military Academy, Virginia; J. S. Newberry, Ohio; H. A. Newton, 
Connecticut; Benjamin Peirce, Massachusetts; John Rodgers, United 
States Navy, Indiana; Fairman Rogers, Pennsylvania; R. E. Rogers, 
Pennsylvania ; W. B. Rogers, Massachusetts ; L. M. Rutherfurd, New 
York; Joseph Saxton, at large; Benjamin Silliman, Connecticut; Ben- 
jamin Silliman, junior, Connecticut; Theodore Strong, New Jersey; 
John Torrey, New York; J. G. Totten, United States Army, Connecti- 
cut; Joseph Winlock, United States Nautical Almanac, Kentucky; Jef- 
fries Wyman, Massachusetts; J. D. Whitney, California, their asso- 
ciates and successors duly chosen, are hereby incorporated, constituted, 
and declared to be a body corporate, by the name of the National 
Academy of Sciences. 

Section 2. And he it further enacted^ That the National Academy of 
Sciences shall consist of not more than fifty ordinary members, and the 
said corporation hereby constituted shall have power to make its own 
organization, including its constitution, by-laws, and rules and regula- 
tions; to fill all vacancies created by death, resignation, or otherwise; 
to provide for the election of foreign and domestic members, the division 
S. Mis. 85 2 VI 
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into classes, and all other ihatters needful or usaal in such institutions, 
and to report the same to Congress. 

Section 3. And he it further enacted j That the National Academy of 
Sciences shall hold an annual meeting at such place in the XTuited 
States as may be designated, and the academy shall, whenever called 
upon by any Department of the Government, investigate, examine, 
experiment, and report upon any subject of science or art, the actual 
expense of such investigations, examinations, experiments, and reports 
to be paid from appropriations which may be made for the purpose, but 
the academy shall receive no compensation whatever for any services 
to the Government of the United States. 

Approved, March 3, 1863. 



AN ACT to amend the act to incorporate the National Academy of Sciences. 

Be it encLcted by the Senate and House of Representatives of the United 
States of America in Congress a^sembledy That the act to incorporate the 
National Academy of Sciences, approved March three, eighteen hun- 
dred and sixty -three, be, and the same is hereby, so amended as to 
remove the limitation of the number of ordinary members of said acad- 
emy as provided in said act. 

Approved, July 14, 1870. 

Department of State, June 10, 1882. 
True copies. 

SEVELLON A. BROWN, 

Chief Clerk. 
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CONSTITUTION AND RULES OF THE NATIONAL ACADEMY OF SCIENCES. 

As amended and adopted April 17, 1872, and further amended April 20, 1875, April 21, 

1881, April 19, 1882, and April 18, 1883. 

PREAMBLE. 

Empowered by the act of incorporation enacted by Congress, and ap- 
proved by the President of the United States, on the 3d day of March, 
A. D. 1863, and in conformity with the amendment to said act, approved 
July 14, 1870, the National Academy of Sciences adopt the following 
amended constitution and rules : 

Article I.— OF MEMBERS. 

Section 1. The Academy shall consist of members, honorary mem- 
ber^ and foreign associates. Members must be citizens of the United 
States. 

Sec. 2. Members who, from age or inability to attend the sessions of 
the Academy, wish to resign the duties of active membership may, at 
their own request, be transferred to the roll of honorary members by a 
vote of the Academy. 

Sec. 3. The Academy may elect fifty foreign associates. 

Sec. 4. Honorary members and foreign associates shall have the privi- 
lege of attending the meetings and of reading and communicating papers 
to the Academy, but shall take no part in its business, shall not be sub- 
ject to its assessments, and shall be entitled to a copy of the publica 
tions of the Academy. 

Article II.— OF THE OFFICERS. 

Section 1. The officers of the Academy shall be a president, a vice- 
president, a foreign secretary, a home secretary, and a treasurer, all of 
whom shall be elected for a term of six years, by a majority of votes 
present at the first stated session after the expiration of the current 
terms, provided thit existing officers retain their places until their suc- 
cessors are elected. In case of a vacancy, the election for six years 
shall be held in the same manner at the. session when such vacancy oc- 
curs, or at the next stated session thereafter, as the Academy may 
direct. A vacancy in the office of treasurer or home secretary may, 
however, be filled by appointment of the president of the Academy until 
the next stated session of the Academy. 
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Sec. 2. The oflBcers of the Academy, together with six members, to 
be elected by the Academy at the first stated session in each year, shall 
constitute a council for the transaction of such basiness as may be 
assigned to them by the constitation or the Academy. 

Sec. 3. The president of the Academy, or, in case of his absence or 
inability to act, the vice-president shall preside at the meetings of the 
Academy and of the council; shall name all committees, except such as 
are otherwise especially provided for ; shall refer investigations required 
by the Government of the United States to members specially conver- 
sant with the subjects, and report thereon to the Academy at its ses- 
sion next ensuing ; and, with the council, shall direct the general basi- 
ness of the Academy. 

It shall be competent for the president, in special cases, to call in the 
aid, upon committees, of experts, or men of special attainments, not 
members of the Academy. 

Sec. 4. The foreign and home secretaries shall conduct the correspond- 
ence proper to their respective departments, advising with the president 
and council in casevS of doubt, and reporting their action to the Academy 
at one of the stated sessions in each year. 

It shall be the duty of the home secretary to give notice to the mem- 
bers of the place and time of all meetings, of all nominations for mem- 
bershij), and of all proposed amendments to the constitution. 

The minutes of each session shall be duly engrossed before the ilext 
stated session, under the direction of the home secretary. 

Sec. 5. The treasurer shall attend to all receipts and disbursementB ' 
of the Academy, giving such bond and furnishing such vouchers as the 
council may require. He shall collect all dues from members, and keep 
a set of books showing a full account of receipts and disbursements. 
He shall present a general report at the April session. He shall be the 
custodian of the corporate seal of the Academy. 

Article III.— OF THE MEETINGS. 

Section 1. The Academy shall hold one stated session in each year, 
in the city of Washington, on the third Tuesday in April, and another 
may be held at such place and time as the council shall determine. 

Special sessions of the Academy may be called by order of eight 
members of the council, at such place and time as may be designated 
in the call. 

Scientific sessions of the Academy may be held at times and places 
to be designated by a majority of the council. 

Sec. 2. The names of the members present at each daily meeting shall 
be recorded in the minutes ; and the members present at any meeting 
shall constitute a quorum for the transaction of business. 

Sec. 3. Scientific meetings of the Academy, unless otherwise ordered 
by a majority of the members present, shall be open to the public; those 
for the transaction of business closed. 
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Sec. 4. The stated meetings of the council shall be held during the 
stated or special sessions of the Academy. Special meetings may be 
convened at the call of the president and two members of the council, 
or of four members of the council. 

Sec. 5. No member who has not paid his dues shall take part in the 
business of the Academy. 

Article IV.— OF ELECTIONS AND RESIGNATIONS. 

Section 1. All elections shall be by ballot, and each election shall 
be held separately, unless otherwise ordered by this constitution. 

Sec. 2. The time for holding an election for officers shall be fixed by 
the Academy at least one day before the election is held. 

Sec. 3. The six additional members of the council shall be elected on 
any day after the first of the first stated session in each year, by each 
voter inscribing six names on his ballot, and those six who have re- 
eeived more votes than any others shall be declared elected. If two or 
more names have received the lowest number of votes that would elect, 
additional balloting shall be had for as many members as remain each 
time to be elected until the number is fall. 

The term of the members so elected shall commence at the close of 
the session at which they are elected, and continue until the close of the 
first stated session in the next year. 

Sec. 4. Nominations of members [and foreign associates]* may be 
made in writing, signed by any five members of the Academy at any 
stated session, to be voted on at the next stated session held in Wash- 
ington, and each nomination shall, at the time of election, be accompa- 
nied by a written list of the original works of the nominee. 

Sec. 5. Elections for membership shall beheld in the following man- 
ner : Each member may inscribe on a ballot not more than five names 
of nominees selected from the list. Absent members may send such 
ballots to the home secretary. From the seven names receiving the 
highest number of votes in this preference ballot, the members present 
may proceed to elect new members in the following manner : At each 
ballot, each member present may vote for not exceeding three persons, 
and the person receiving the highest number of votes shall be declared 
elected, provided that he received two-thirds of the votes cast, and that 
his name appear on not less than twenty ballots ; and provided fur- 
ther, that the number of members of the Academy be not already one 
hundred or over, in which case, to be declared to be elected, he must 
receive four-fifths of the votes cast, and his name must appear on at 
least twenty-five ballots. 

Should several candidates have the same minimum number of votes 
on the preference list, the requisite number for completing the list 
shall be selected from them by a two-thirds vote of the members 
present. 

* Pending amendment^ strike out the words in brackets. 
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Election of members shall be held only at the regular stated session 
of each year, held in Washington, and not more than five members 
shall be elected at that session. 

Before, and during elections, a discussion of the merits of nominees 
will be in order. 

The election of members may be suspended at any time by a majority 
vote of the members present. 

Sec. 6. Every member elect shall accept his membership, personally 
or in writing, before the close of the next stated session after' the date 
of his election. Otherwise, on proof that the secretary has formally 
notified him of his election, his name shall not be entered on the roll of 
members. 

Sec. 7. Foreign associates may be nominated by a committee of five 
members to be appointed for that purpose by the president, and elected 
at any stated session by a two-thirds vote of the members present. 
The election shall be had by each member indicating on a ballot those 
names for which he votes, and those nominees whose names appear on 
two-thirds of the ballots shall be declared elected. 

Sec. 8. A diploma, with the corporate seal of the Academy and the 
signatures of the officers, shall be sent by the appropriate secretary to 
each member on his acceptance of his membership, and to foreign 
associates on their election. 

Sec. 9. Eesignations shall be addressed to the president, and acted 
on by the Academy. 

Akticle v.— OF SCIENTIFIC COMMUNICATIONS, PUBLICATIONS, AND 

REPORTS. 

Section. 1. Communications on scientific subjects shall be read at 
scientific meetings of the Academy, and papers by any member may be 
read by the author or by any other member, notice of the same having 
been previously given to the secretary. 

Sec. 2. Any member of the Academy may read a paper from a per- 
son who is not a member; and shall not be considered responsible for 
the facts or opinions expressed by the author, but shall be held respon- 
sible for the propriety of the paper. 

Persons who are not members may read papers on invitation of the 
president with the advice of the council. 

Sec. 3. The Academy may provide for the publication, under the 
direction of the council, of proceedings, memoirs, and reports. 

Sec. 4. Propositions for investigations or reports by the Academy 
shall be submitted to the council for approval ; except those requested 
by the Government of the United States, which shall be acted on by 
the president, who will, in such cases, report their results to the Gov- 
ernment, as soon as obtained, and to the Academy at its next following 
stated session. 

Sec. 5. The advice of the Academy shall be, at all times, at the dis- 
position of the Government, upon any matter of science or art within 
its scope. 
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Sec. 6. An annual report to be presented to Congress shall be pre- 
pared by the president, and before its presentation submitted by him, 
first to the council, and afterwards to the Academy at one of the stated 
sessions. 

Sec. 7. Medals and prizes may be established, and the means of be- 
stowing them accepted by the Academy, upon the recommendation of 
the council, by whom all the necessary arrangements for their establish- 
ment and award shall be made. 

Bequests and trusts having for their object the advancement of science 
may also be accepted and administered by the Academy. 

Article VI.— OF THE PROPERTY OF THE ACADEMY. 

Section 1. All investments shall be made by the treasurer, in the 
corporate name of the Academy, in stocks of the United States. 

Sec. 2. No contract shall be binding upon the Academy which has not 
been first approved by the council. 

Sec. 3. The assessments required for the support of the Academy 
shall be fixed by the Academy on the recommendation of the council. 

Article VII.— OF ADDITIONS AND AMENDMENTS. 

Additions and amendments to the constitution shall be made only at a 
stated session of the Academy. !N"otice of a proposition for such a change 
must be given at a stated session, and shall be referred to the council, 
which may amend the proposition, and shall report thereon to the Acad- 
emy at the same session. Its report shall be considered by the Academy 
in committee of the whole for Hmendment. 

The proposition as amended, if adopted in committee of the whole, 
shall be voted on at the next stated session, and if it receive two-thirds 
of the votes cast, it shall be declared adopted. 

Absent members may send their votes on pending changes in the con- 
stitution to the home secretary in writing, and such votes shall be 
counted as if the member were present. 

RTJIL.KS. 

I. In the absence of any officer, a member shall be chosen to perform 
his duties temporarily, by a pluralty of viva voce votes, upon open nomi- 
nation. 

II. The accounts of the treasurer shall be referred to an auditing com- 
mittee of three members, to be appointed by the president at the meet- 
ing at which the accounts are presented ; which committee shall report 
before the close of that session, and shall then be discharged. 

The bonds, securities, arid other property owned or held in trust by 
the Academy shall be inspected and verified by a committee to be 
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aiinually appointed by the president The report of this committee shall 
be presented to the Academ}' at its first stated session in each year, 
and referred with the accounts to the auditing committee. 

III. A committee of arrangements, consisting of five members, shall 
be appointed by the president for each stated session of the Academy. 
This committee shall meet not less tiian two weeks previous to each 
session. It shall be in session during the meetings to make arrange 
meuts for the reception of the members ; to arrange the business of 
each day; to receive the titles of papers, reports, &c.; and to arrange 
the order of reading, and in general, to attend to all business and scien- 
tific arrangements. 

lY. At the meetings the order of business shall be a follows : 

1. Chair taken by the president, or, in his absence, by the vice-presi- 
dent. ' 

2. Roll of members called by home secretary. 

3. Minutes of the preceding meeting read and approved. 

4. Stated business. 

5. Reports of president, secretaries, treasurer, and committees. 

6. Business from council. 

7. Other business. 

8. Rough minutes read for correction. 

V. The rules of ortler of the Academy shall be those of the Senate of 
the United States, unless suspended by unanimous consent. 

YI. Unless otherwise ordered by the Academy, the scientific meet- 
ings shall be convened at noon. 

YII. The death of members shall be announced by the president on 
the last day of any session, when a member shall be selected by the 
president to furnish a biographical notice of the deceased at the next 
stated session. If such notice be not then furnished, another member 
may be selected by the president, in place of the first, and so on until 
the duty is performed. 

YIII. All discussions as to the claims and qualifications of nominees, 
at meetings of the Academy, will be held strictly confidential, and re- 
marks and criticisms then made may be communicated to no person who 
was not a member of the Academy at the time of the discussion. 

IX. The secretaries will receive memoirs at any time, and report the 
date of their reception at the next session. But no memoir shall be pub- 
lished unless it has been read before the Academy. 

X. Memoirs shall date in the records of the Academy from the date 
of their presentation to the Academy, and the order of their presenta- 
tion shall be that in which they were registered, unless changed by con- 
sent of the author. 

XI. Papers from persons not members, read before the Academy, and 
intended for publication, shall be referred, at the meeting at which they 
are read, to a committee of members competent to judge whether the 
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paper is worthy of publication. Such committee shall report to the 
Academy as early as practicable, and not later than the next stated 
session. 

XII. An annual of the Academy shall be prepared and published by 
the secretaries. v 

XIII. The printing of the Academy shall be under the charge of a 
committee of publication, to consist of the home secretary and four other 
members to be named by the president with the advice and consent of 
the council. 

XIV. The annual report of the Academy may be accompanied by a 
memorial to Congress in regard to such investigations and other sub- 
jects as may be deemed advisable, recommending appropriations there- 
for when necessary. 

XV. The proper secretary shall acknowledge all donations made to 
the Academy, and shall report them at the next stated session. 

XVI. The books, apparatus, archives, and other collections of the 
Academy shall be deposited in some safe place in the city of Washing- 
ton. A list of the articles so deposited shall be kept by the home secre- 
tary, who is authorized to employ a clerk to take charge of them. 

XVII. A stamp corresponding to the corporate seal of the Academy 
shall be kept by the secretaries, who shall be responsible for the due 
marking of all books and other objects to which it is applicable. 

Labels, or other proper marks of similar device, shall be placed upon 
objects not admitting of the stamp. 

XVIII. On the first day of each stated session, immediately after call- 
ing the roll of members, a recording secretary shall be elected by a plu- 
rality of members present to assist the home secretary in keeping the 
records of the session. 

XIX. It shall be the duty of the committee of arrangements to fix the 
length of time to be devoted to reading of all papers submitted, and to 
limit the time to be occupied in their discussion. 

XX. Ballots for elections of members may be sent by sealing them up 
in a blank envelope, and inclosing this in another, across the back of 
which is written the name of the sender, and which is addressed to the 
home secretary; such envelopes will be opened only by the tellers. 

XXI. Any rule of the Academy may be amended, suspended, or re- 
pealed on the written motion of any two members, signed by them and 
presented at a stated session of the Academy ; provided the same shall 
be approved by a majority of the members present. 

XXII. dominations for membership should state the full name, resi- 
dence, the official position, and the special scientific studies of the can- 
didate. A form of nomination shall be prepared by the home secretary. 

By a resolution adopted January 12, 1864, the president is, ex officiOy 
a member of all government committees of the Academy. 
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ORGANIZATION OF THE ACADEMY.— 1&^. 

ExplratiQQ of term 
Marsh, O. C, President April, 1889« 

Newcomb, S., Vice-President April, 1889. 

Agassiz, Alex., Foreign Secretary April, 1886. 

Hall, A., Home Secretary April, 1889. 

Coffin, J. H. C, Treasurer April, 1887. 

ADDITIONAL MEMBERS OF COUNCIL, 1883-'84. 

Baird, S. F. Meigs, M. C. 

GiBBs, W. Rogers, Fairman. 

HiLGARD, J. E. Young, C. A.'' 

COMMITTEES OF THE ACADEMY. 

On Ways and Means to Provide a Fund for the Academy, 

Rogers, Fairman, Chairman. Marsh, O. C. 

Chandler, C. F. Agassiz, Alex. 

Smith, J. Lawrence. 

On Weights^ Measures, and Coinage. 

Babnard, F. A. P.,. C^irman. Newcomb, S. 

GiBBS, WoLCOTT. Newton, H. A. 

HlLGARD, J. E. PeIRCE, C. S. 

^ Meigs, M. C. Trowbridge, W. P. 

On the Election of Foreign Associates. 

Agassiz, Alex., Chairman. GibbS) W. 

Dana, J. D. Hall, A. 

Newcomb, S. 

On Reserving Public Lands on and near Mount Whitney, California, for Scientific Purposes. 

Brewer, W. H. Langley, S. P. 

Powell, J. W. 

On Questions of Meteorological Science and its Applications. 

Ferris, W. Newcomb, S., Chairman. 

GiBBs, W. Newton, H. A. 

Langley, S. P. Rood, O. N. 

Loomis, E. Schott, C. A. 

Young, C. A. 

37 
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To Report on the Trianguiation to Connect the Atlantic and Pacific Coasts, 

Abbot, H. L., Chairman. Newberry, J. 8. 

Barnard, F. A. P. Newcomb, S. 

Meigs, M. C. Newton, H. A. 

Powell, J. W. 

To Co-operate with the National Board of Health, 

Mitchell, 8. Weir, Philadelphia, Pa. 
Enoelmann, George, Saint Loais, Mo. 
Smith, J. Lawrence, Louisville, Ky. 
Woodward, J. J., Washington, D. C. 
Walker, F. A., Boston, Mass. 
Barker, Qborgb F., Philadelphia, Pa. 
Chandler, Charles F., New York City. 
GiBBS, WoLCOTT, Cambridge, Mass. 

On the Investigation of Glucose for the Department of Internal Revenue. 

Barker, G. F., Chairman, Chandler, C. F. 

Brewer, W. H. Gibbs, W. 

Remsbn, I. 

4 

On Publication. 

The Home Secretary. Coffin, J. H. C. 

Baird, S. F. Newcomb, S. 

On Publications of the Academy, 

Gill, T. 

On the Total Eclipse of May 6, 1883. 

Young, C. A., Chairm^in, Hilgard, J. E. 

Coffin, J. H. C. Langley, S. P. 

Hall, A. Peirce, C. S. 

And by invitation, Rockwell, C. H. 

Committee to Represent the Academy before Congress, 

The President. Baird, S. F. 

Vice-President. Meigs, M. C. 

Secretaries. Powell, J. W. 

Committee on Printing, 

Baird, S. F. Coffin, J. H. C. 

Newcomb, S. 

On the Relation of the Academy to the Government, 

Hilgard, J. E., Chairman, Coffin, J. H. C. 

Baird, S. F. Meigs, M. C. 



« 
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On the Henry Draper Medal, 

Barker, G.F., Chairman. Newcomb, S. 

GiBBS, W. Wright, A. W. 

Young, C. A. 

Board of Direction of the Baohe Fund, 
Dana, J. D. Hilgard, J] E. 

GiBBS, W. 

Board of Trustees of the Watson Fund. 

Hilgard, J. E. Newcomb, S. 

Coffin, J. H. C. 

MEMBERS OF THE NATIONAL ACADEMY OF SCIENCES, APRIL 21, 1883. 

Date of 
election . 

Abbe, Cleveland Washington, D, C, 1879 

Abbot, Henry L., U. 8. A Whitestone, Long Island, N, Y, la72 

Allen, J.Asaph Cambridge, Mass, 1876 

AoASSiz, Alexander Cambridge, Mass. 1866 

Baird, Spencer F Washington, D. C. 1864 

Barker, George F Philadelphia, Pa. 1876 

Barnard, Frederick A. P ^ New York City. 

Bartlett, William H. C 75 Locust Hill Ave. , Yonkers, N. Y, 

^BLL, A. G!raham Washington, D, C. 1883 

Billings, John 8., U.S. A Washington, D. C. 1883 

Brewer, William H New Haven,. Conn. 1880 

Brown-Sbquard, Charles E Paris, France. 1868 

Brush, George J New Haven, Conn. 1868 

Chandler, Charles F New York City, 1874 

Coffin, John H. C, U. S.N 1 Washington, D. C. 

Cooke, JosiAH P Cambridge, Mass. 1872 

Cope, Ed^ward D 2100 Pine St., Philadelphia, Pa. 1872 

CouES, Elliott Washington, D. C. 1877 

Crafts, James M .' Boston, Mass. 1872 

Dalton, J.C 43 W. Forty-eighth St., New York City. 1861 

Dana, Jambs D : Neto Haven, Conn. 

Davidson, George , San Francisco, Cal. 1874 

Eads, James B Saint Louis, Mo. 1872 

Farlow, W. G Cambridge, Mass. 1879 

Ferrel, William Washington, D. C. 1868 

Genth, Frederick a «. W. Philadelphia, Pa. 1872 

GiBBS, JosiAH WiLLARD 4 New Haven, Conn. 1879 

Gibbs, Wolcott Cambridge, Mass. 

Gilbert, Grove K Washington, D.C. 1883 

Gill, Theodore N Washington, D.C. 1873 

Gould, Benjamin A Cordoba, Argentine Republic, S. A. 

GUYOT, Arnold Princeton, N.J, 

Hall, Asaph, U.S.N Washinqton,D, C. 1875 

Hall, James Albany, N, Y. 

HaYDEN, F.V imiArchSt., Philadelphia, Pa. 1873 

Hilgard, Eugene W Oakland, Cal. 1872 

Hilgard, Julius E Washington, D. C. 

Hill,Ge0RGB W Washington, D. C. 1874 
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Date of 
election. 



Hill, Henry B Cambridge^ Mms, 1883 

Hunt, T. Sterry ; Montreal, Canada. 1873 

Hyatt, Alphe us Soc.of Nat. Hiaiory, Boston^Masa. 1876 

Jackson, Charles L Cambridge^ Mass. 1883 

Johnson, Samuel W New Haven, Conn. 1866 

King, Clarence 62 Cedar St., New York. 1876 

Langle y, Samuel P Obs^catory, Alleghany, Pa. 1876 

Lesley, J. Peter 1008 Clinton St., Philadelphia, Pa. 

Loomis^Elias New Haven, Conn. 1873 

Le Conte, John Berkeley, Cal. 1878 

Le Conte, Joseph Berkeley, Cal. 1875 

Lbsquereux, Leo , 302 Fourth St., Columbue, Ohio. 1874 

LovBRiNG, Joseph Cambridge, Mass. 1873 

Lyman, Theodore Brookline, Mass. 1872 

Marsh, O.C New Haven, Conn. 1874 

Mayer, Alfred M Hoboken, N.J. 1872 

Meigs, Montgomery C.,U. S. A Wa8hington,D. C. 1865 

MiTCHELL,S. Weir 1332 Walnut St., Philadelphia, Pa. 1865 

Morse, Edward S Salem, Mass. 1876 

Morton, Henry Hohoken,N. J. 1874 

Newberry, J. S New York City. 

Newcomb, Simon, U. S.N Washington, D. C. 1869 

Newton, H. A New Haven, Conn. 

Newton, John, U. S. A Army Building, New York City. 1876 

Oliver, James E Ithaca, N. Y. 1872 

Packard, A. S., Jr Providence, B. I. 1872 

Peircb, Charles S U.S. C.Survey, Washington, D. C. 1877 

Peters, C.H.F Clinton,N.Y. 1876 

Pickering, Edward C Cambridge, Mass, 1873 

Powell, John W Washington, D. C. 1880 

PuMPELLY, Raphael Gibbs Ave. , Newport, B. I. 1872 

Rbmsen, Ira Johns Hopkins University, Baltimore, Md. 1882 

Rogers, Fairman 202 W. Bittenhouse Sq. , Philadelphia, Pa. 

Rogers, Robert E 1104 Walnut St. , Philadelphia, Pa. 

Rood,OgdenN New York City. 1865 

Rowland, Henry A Johns Hopkins University, Baltimore, Md. 1881 

Rutherfurd, Lewis M ' 175 Se^xmd Ave., New York City. 

ScHOTT, Charles A .-. Washington, D. C. 1872 

SCUDDER, Samuel H Cambridge, Mass. 1877 

Sellers, William 1600 Hamilton St., Philadelphia, Pa. 1873 

SiLLiMAN, Benjamin New Haven, Conn. 

Trowbridge, John Cambridge, Mass. 1878 

Trowbridge, William P New York City. 1872 

Trumbull,J.H Hartford, Conn. 1 872 

Tuckerman, Edward Amherst, Mass. 1868 

Verrill, A.E New Haven, Conn. 1872 

Walker, Francis A Boston , Mass. 1878 

Wood, Horatio C 1925 Chestnut St., Philadelphia, Pa: 1879 

Woodward, J. J., U.S. A Washington, D.C. 1873 

Worthbn,A.H Springfield, m. 1872 

Wright, Arthur W New Haven, Conn. 1881 

ToUNG, Charlks a Princeton, N.J. 1872 
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RON O BABY MEMBEB8, 

Engelmann, George Saint Louis ^ Mo. 

Gray, Asa CambridgCy Mass. 

Leidy, Joseph Philadelphia^ Pa. 

LONGSTRETH, MiERS F Derhy, Pa, 

. DECEASED MEMBEBS. 

*Agassiz, Louis Dec. 14,1873 

'Alexander, J. H Mar. 2,1867 

Alexander, Stephen June 25,1883 

*Bache, Alexander Dallas Feb. 14, 18f57 

Barnard, J. G May 14,1882 

*Caswell, Alexis Jan. 8,1877 

Chauvenet, William Deo. 13,1870 

Clark, Henry James July 1,1873 

Coffin, James H Jan. 6,1873 

Davis, Charles H Feb. 18,1877 

Draper, Henry Nov. 20,1882 

Draper, John W Jan. 4,1882 

*Frazer, John Fries Oct. 14,1872 

*Gabb, William M May 30,1878 

*GiLLiss, James Melville Feb. 9,1865 

**GouLD, Augustus A Sept. 15,1866 

*Hadley, James - Aug. 1,1864 

*Haldeman, S. S Sept. 10,1880 

•Henry, Joseph May 13, 1873 

•Hitchcock, Edward Feb. 27,1864 

•HoLBROOK, J. E Sept. 8,1871 

•Hubbard, J.S Aug. 16,1863 

Humphreys, A. A., U. S. A Dec. 28,1883 

•KiRTLAND, Jared P Dec. 10,1877 

•Lane, J. Homer , 1880 

Le Conte, John Nov. 15,1883 

•Mahan, D. H Sept. 16,1871 

Marsh, G.P July 23,1882 

•Meek,F.B Dec. 21,1877 

Morgan, Lewis H Dec. 14.1881 

Norton, William A Sept. 21,1883 

POURTALES. L. F July 17,1880 

RODGERS,JoHN May 5,1882 

Rogers, William B ^ May 30,1882 

* Saxton, Joseph Oct. 26,1873 

•SiLLiMAN, Benjamin, Sr Nov. 24,1864 

Smith, J. Lawrence Oct. 12,1883 

Stimpson, William .'. May 26,1873 

• Strong, Theodore Feb. 1,1869 

* SULLIVANT, W. S April 30, 1873 

•ToRREY, John Mar. 10,1873 

•ToTTEN,J.G.. Apr. 22,1864 

Warren, G.K Aug. 8,1882 

Watson, James C - Nov. 23,1880 

•WiNLOCK, Joseph Jan. 11,1875 

• Wyman, Jeffries Sept. 4,1874 



* 



Biographical notices have been presented of those designated by a *. 
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Hooker, Sir J. D Kew. 
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Berthelot, M. P. E Parte, 

BoussiNGAULT, J. B. J. D Paris. 

Chevreul,M. E Parie. 

De Candolle, Alphonso Geneva, 

KOlliker, Albert VON WUrzburg. 
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LIST OF OFFICIAL REPORTS MADE TO THE GOVERNMENT BY THE 
NATIONAL ACADEMY OF SCIENCES, AND OF SCIENTIFIC PAPERS 
PRESENTED TO THE ACADEMY, 1863-1883. 

1. On the protection of the bottoms of iron vessels. February 4, 1864. 

2. On the magnetic deviations in iron ships. February 11, 1864. 

3. On an alcoholometer. 1864. 

4. On the explosion of the boiler of the United States steamer Chenango. 1864. 

5. On the use of alumiuinm bronze for cent coinage. 1864. 

6. On wind and current charts and sailing directions. 1864. 

7. On the protection of the national currency against counterfeiting. 1865. 

8. On testing the purity of whisky. 1865. 

9. On the expansion of steam. 1866. 

10. On the preservation of paint on army knapsacks. 1866. 

11. On the prevention of counterfeiting. 1866. 

12. On proving and gauging distilled spirits. 1866. 

13. On the improvement of Greytown Harbor, Nicaragua. 1867." 

14. On galvanic action from association of iron and zinc. 1867.- 

15. On spirit meters. 1868. 

16. On the protection of coal mines from explosions by electricity. 1870. 

17. On removal of ink from revenue stamps. 1870. 

18. On distinguishing calf 's-hair goods from woolen goods. 1875. 

19. On water-proofing of the fractional currency. 1876. 

20. On the surveys of the Territories. 1878. 

21. On Denierara sugars. 1878. 

22. On proposed changes in the Nautical Almanac. 1878. 

23. Committee to co-operate with National Board of Health. 1879-1880. 

24. On silk culture in the United States. 1870. 

25. On the use of polarized light for determining values of sugars. 1878. 

26. On the artificial coloring of sugars designed to simulate a lower grade according 

to the standard on which duties are levied. 1876-1877. 

27. lustrnctions for the Polaris Expedition. 1873-1877. 

28. On building-stone for custom-house, Chicago. 1878. 

29. Measurement of velocity of light. 1878. 

30. On the preservation of Government collection of Centennial Exhibition. 1876. 

31. Magnetic chart of the United States. 1880. 

32. Observation of Transit ot Venus. 1873-1883. 

33. Magnetic observations on the voyage of the Monitor and Monadnock around 

Cape Horn. 

34. Reports on weights, measures, and coinage. 1863-1867. 

35. On tlie construction and verification of the metric standards for the States. 1867. 

36. On the introduction of metric scales in Post-Office Department. 1868. 

37. International Bureau of Weights and Measures. 1873. 
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38. On the preservation of the writing of the original Declaration of Independence 

1878; 

39. Introduction of metric weights and measures in the United States. 1879. 

40. On the exploration of the Yello wstoiie region by General Stanley. 1873. 

41. Report on sorglnim .sugar. 1882. 

42. On theseparaticm of methyl from alcohol. 1883. 

43. On the total eclipse of May 6, 1883. 1883. 

44. Report on glucose. 1883. 

1. — Washington, January 4-9, 1864. 

1. On individuality among animals, with reference to the question of varieties and 

species. By Louis Agassiz. 

2. On the elements of the mathematical theory of quality. By Benjamin Peirck. 

3. Discussion of magnetic oliservations made at Giriird College observatory, in the 

years 1840-'45. Parts IV, V, and VI. Horizontal force ; investigation of 
the eleven -year period; of the solar diurnal variation and annual inequal- 
ity, and of the influence of the moon. By A. D. Bachb. 

4. On the force of fired gunpowder, and the pressure to which heavy gans are act- 

ually subjected in firing. By F. A. P. Baknard. 

5. Reduction of the observation of fixed stars made by d^Agelet at Paris during the 

years 1783-'85, with a catalogue of the con'esponding mean places referred 
to the equinox of 1800. By B. A. Gould. 

6. On the metamorphoses of fishes. By Louis Agassiz. 

7. On the Saturnian system. By Benjamin Peirce. 

8. Notes on the parallelogram of forces, and on virtual velocities. By Theodore 

Strong. 

9. On the geographical distribution of fishes, as bearing upon their afiQnities and 

systematic classification. By Louis Agassiz. 

10. Discussion of magnetic observations, &c. Parts VII, VIII, and IX. Vertical 

force; investigation of the eleven-year period, of the solar diurnal varia- 
tion and annual inequality, and of the influence of the moon. By A. D. 
Bache. 

11. Description of an anemograph, designed for the University of Mississippi. By F. 

A. P. Barnard. 

12. On materials of combustion for lamps in light-houses. By Joseph Henry. 

13. On photographs of the solar spectrum. By Lewis M. Rutherfurd. 

14. On tangencies of circles and spheres. By J. G. Barnard. 

15. On observation of the planet Venus, near the times of her inferior conjunction, 

September 28, 1863, and subsequently. By Stephen Alexander. 

16. Brief note on the forms of icebergs. By Stephen Alexander. 

II.— IN^EW Haven, August 4-6, 1864. 

17. Memoir of the late Henry Fits. By Lewis M. Rutherfurd. 

18. On the distribution 'of certain important diseases in the United States. By A. A. 

Gould. 

19. On the integration of differential equations of the first order and higher degrees 

By Theodore Strong. 

20. Criticism on the forms of ships. (Presented by Theodore Strong.) By Capt 

J. Cole. 

21. On the light visible on the moon's surface, and that seen adjacent to her edge 

when the suu is either partially o^ totally eclipsed. By Ste phen Alexander 
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22. On the influence of the hour of the day on the results of barometric measurements 

of altitudes. By Arnold Guyot. 

23. On shooting-stars. By H. A. Newton. 

24. A method of determining the errors of a vertical divided circle. (Presented by 

Benjamin Peirce.) By Simon Newcomb. 

25. Considerations relative to various phenomena presented by certain comets. By 

Stephen Alexander. 

26. Memoir of Lieut. E. B. Hunt. By F. A. P. Barnard. 

III.— Washington, January 3-7, 1865. 

27. On a chronograph for measuring the velocity of projectiles. By J. E. Hilgard. 

28. On the homologies and classilication of the cephalopods. By L. Agassiz. 

29. On the geographical distribution of North American birds. By S. F. Baird. 

30. Note on the changes that have taken place in the bar of Charleston Harbor since 

the sinking of the obstructions in the main channel, as developed by the 
United States Coast Survey. By J. E. Hilgard. 

31. On the tables of the moon. By Benjamin Peirce. 

32. On the metamorphoses of some malacopterygians. By L. Agassiz. 

33. On chemical classification. By Wolcott Gibbs. 

34. On the dimensions and proportions of American soldiers. By B. A. Gould. 

35. On a method of exhibiting certain statistics of hospitals. By J. L. Le Conte. 

36. On the special phenomena and present configuration of the State of Maine. By 

L. Agassiz. 

37. On a regulator for maintaining uniform motion, and an apparatus for recording 

time observations in type. By J. E. Hilgard. 

38. On the progress of the geological survey of California. By J. D. Whitney. 

39. On the mineral lands of the United States, and the relations of the Government to 

their management. By J. D. Whitney. 

40. On the origin and formation of sedimentary rocks. By J. S. Newberry. 

41. On the origin and distribution of petroleum in the United States. By J. S. New- 

berry. 

IV.— Northampton, August 23-26, 1865. 

42. The theory of the sling. By Benjamin Peirce. 

43. The facoids of the Coal Measures. By Leo Lesquereux. 

44. Letter from. By L. Agassiz. 

45. Observations of the right ascensions of stars within one degree of the north pole. 

By B. A. Gould. 

46. On observations of tides at the island of Tahiti, made by Capt. John Rodgers, of 

the United States Navy, for the United States Coast Survey. By J. E. 
Hilgard. 

47. Discussion of magnetic observations made at Eastport, Me., during the years 

1861-1864, by the United States Coast. Survey. By J. E. Hilgard. ' 

48. On rifled guns. By W. H. C. Bartlett. 

49. A new theory of the first principles of the differential calculus. By Theodore 

Strong. 

50. On the ages of the United States volunteer soldiery, as deduced from the statis- 

tical bureau of the Sanitary Commission. By B. A. Gould. 

51. On a photometer. By O. N. Rood. 

52. On the structure of the moon. By S. Alexander. 

53. On the systems of mountain upheaval to which the continent of North America 

owes its present configurat on. By J. D. Whitney. 

54. Abstract of geological investigations made in China and Mongolia (communi- 

cated by J. D. Whitney). By Raphael Pumpelly. 
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55. Examinatiou of shells obtaiued by the sonnding-lead in the coast survey of New 

York and New Jersey, with some nautical hints. By Augustus A. Gould. 

5G. On the probable immediate cause of the Glacial Epoch of the Post Tertiary. By 

A. GUYOT. 

57 On the Lower Silurian oils of Kentucky and Tennessee.. By J. S. NewbArrt. 

58. Snggestions relative to the annular eclipse of the sun in October next. By S. 

Alexander. 

59. On certain converging series expressing the ratio of the diameter to the circum- 

ference of the circle (communicated by Benjamin Peirce). By William 
Ferrel. 
CO. On a tide meter for cold legions (communicated by Benjamin Peirce). By A. M. 
Batchelder. 

v.— Washington, January 24-27, 1866. 

61. On the silver re<luction process of Nevada, with statistical tables, and metallur- 
gical tables and data. By B. Silliman. 

6*2. On a new general method of volumetric analysis. By WoLCOTr Gibbs. 

63. Ou sodium amalgam and its application in saving precious metals. By B. 
Silliman. 

61. On the limits and character of the vision of American soldiers as deduced by the 
statistical department of the United States Sanitary Commission. 
By B. A. Gould. 

65. On the primary rriangulation of the coast of New England in connection with 

the United States Coast Survey. By A. D. Bache. 

66. On the relation of language to ethnology. By W. D. Whitney. 

67. On certain miieral districts of Arizona. By B. Silliman. 

68. On California petroleum and the product of its distillation. By B. Silliman. 

69. Observations on the annular eclipse of October, 1865, made at Lebanon, 111. By 

Stephen Alexander. 

VI.— Northampton, August 7-12, 1866. 

70. Photometric method. By Ogden N. Rood. 

71. On a normal map of the solar spectrum. By Wolcott Gibbs. 

72. On traoes of glaciers under the tropics. By L. Agassiz. 

73. On the secular acceleration of the moon's mean motion. By John N. Stockwell, 

74. On the origin of solar heat. By Benjamin Peirce. 

75. On the morphological value and relations of the human hand. By B. G. Wilder. 

76. On the correlation of gravity and temperature. By P. E. Chase. 

77. Grounds of analogy between linguistic science an4 the physical sciences. By W, 

D. Whitney. 

78. On the limitation of homologies. By L. Agassiz. 

79. On a new method of optical analysis. By Wolcott Gibbs. 

80. On recent soundings in the Gulf Stream. By Henry Mitchell. 

81. Ou repeated linear substitutions. By J. E. Oliver. 

82. Ou some points in the geological structure of Southern Minnesota. By James 

Hall. 

83. A new theory of planetary motion. By Theodore Strong. 

84. On the linear evaluation of surd forms. By William Watson. 

85. On the study of young animals, and its bearing upon the pirogress of palieontology 

and zoology. By Alexander Agassiz. 

86. On the mass of the satellites of Saturn. By Benjamin Peiisce. 

87. On a remarkable rainbow. By Benjamin Peirce. 

88. Investigation in regard to sound in its economical applications. By Joseph 

Henry. 
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89. On the geographical distribiitioD of fishes in the waters of the Amazon. By Louis 

Agassiz. 

90. On the stature of American soldiers. By B. A. Gould. 

91. On the influence of the hour of the day on the heights obtained by barometric 

measurements. By Arnold Guyot. • 

92. On astronomical photography. By Lewis M. Rctherfurd. 

93. On the reduction of photographic observations, with a determination of the posi- 

tions of the Pleiades frqm photographs Ly Mr. Rutherfurd. By B. A. Gould. 

94. On a table for facilitating the conversion of longitude and latitude into right 

ascension and declination. By William Ferrkl. 

95. On the Kephila plumipes^ or silk spider of South Carolina. By B. G. Wilder. 

VII.— Washington, January 23-27, 1867. 

96. On the systematic value of rhynchophorous Coleoptera. By J. L. Le Conte. 

97. On the November meteors. By Hubert Newton. 

98. On the total eclipse of the sun of August 7, 1850, in connection with some remarks 

of the annular eclipse of October, 1865. By Stephen Alexander. 

99. On some of the phenomena presented by the planet Venus when near her inferior 

conjunction. By Stephen Alexander. 

100. On the relative longitude of Europe and America, and the velocity of galvanic 

signals in the Atlantic cable. By B. A. Gould. 

101. On the principles of the classification of fishes. By Louis Agassiz. 

102. Recent observations on the glacial phenomena of the basin of the Great Lakes. 

"By J. S. Newberry. 

VIIL— Hartford, Conn., August 13-17, 1867. 

103. A protest against modern nomenclature in zoology. By L. Agassiz. 

104. On the duration of the electric discharge. By O. N. Rood. 

105. On homocercy and heterocercy. By L. Agassiz. 

106. On new process in analytical chemistry. By Wolcott Gibbs. 

107. On algebras. By Benjamin Peirce. 

108. On the significance of classes in the animal kingdom. By L. Agassiz. 

109. Observations in 1863-67 of right ascension of stars observed, by J. Lepaute 

d'Agelet. By B. A. Gould. 

110. Determination of the proper motions of stars, first observed by J. Lepaate 

d'Agelet. By B. A,. Gould. 

111. On the limitations and conditions of associated linear algebra. By Benjamin 

Peirce. 

112. On the limitations and conditions of associated linear algebra. By Benjamin 

Peirce. 

113. The structural character of the selachians. By L. Agassiz. 

114. Note on a problem of curvature. By Thomas Hill. 

115. Remarks on the geological relations of the mastodon an'd fossil elephant sug- 

gested by the discovery of the Cohoes, N. Y., mastodon. By James Hall. 

116. On the precision of the equinoxes and nutation as resulting from the theory 

of the gyroscope, with remarks explanatory of the deviation of rifled projec- 
tiles. By J. G. Barnard. 

117. On single, double, and triple linear associative algebras. By Benjamin Peirce. 

118. On sterility among skates. By Louis Agassiz. 

119. Ou the fifth pair of nerves and the organ of hearing in skates. By L. Agassiz. 

120. On periodical ovulation in sharks. By Louis Agajssiz. 

121. On quadruple linear associative algebras. By Benjamin Peirce. 

122. Spectroscopic notices. By W. Gibbs. 

123. On the value of certain groups in the geological series when studied in their 

geographical extension. By James Hall. 
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124. The circulation of blood in aelachians. By L. AoASSiz. 
' 125. On the determination of wave lengths by the method of comparison. By 

WOLCOTT GiBBS. 

126. Parisitic cmstacea in the gills of sharks. By L. Aoassiz. 

127. Embryology and*afiQuitie6 of the cylopterus. By L. Agassiz. 

128. Further remarks explanatory of the deviation of rifled projectiles as resulting 

from the theory of the gyroscope. By J. G. Barnard. 

129. On a process of integration used in the case of a planet's orbit disturbed bysmal 

forces. By Theodore Strong. 

IX.— Washington, January 22-26, 1868. 

130. On the practical character of the usual thennometric scales, and a common sub- 

stitute for them. By Arnold Guyot. 

131. On the use and interpretation of single and double linear associative algebras. 

By Benjamin Peirce. 

132. On the existence of a great central zone of fracture of the surface of the globe. 

By Arnold Guyot. 

133. Respecting the cosmical theory of the November meteors. By Alex. Twining. 

134. The history of a week in the life of a young salmon. By L. Agassiz. 

135. Comparison of the iron meter belonging to the American Philosophical Society, 

and used as the standard measure of the Coast Survey, with the platinum 
standard meter of the Conservatoire des Arts et Metiers in Paris, in the sum- 
mer of 1867. By F. A. P. Barnard. 

136. Some points in the geological development of the continent between the Rio 

Grande and Arkansas River. By J. L. Lb Contb. 

137. On the penetration of sound. By Joseph Henry. 

138. On a new reflector as a* signal in geodetic observations. By J. E. Hilgard. 

139. Remarks upon the condition of the skeleton of the mastodon found at Cohoes, 

N. Y., and its relations to the geology of the surrounding country. By 
James Hall. 

140. On observations of the zodiacal light. By Benjamin Peirce. 

141. On the fauna of the Gulf of Mexico at great depths. By L. Agassiz. 

142. Exploration of the coast of Alaska. By George Davidson. 

143. Notes on a treatise on topographical drawing by J. Enthoffer. By J. 0. Hilgard. 

144. Solution of a particular form of algebraic equation. By Benjamin Peirce. 

145. Note on the velocity of the transmission of perceptions and volitions. By B. A 

Gould. 

146. Remarks on the buffalo of North America. By Louis Agassiz. 

X.— Northampton, Mass., August 25-29, 1868. 

147. On the rainfall of the United States, discussed by Charles A. Schott, Assistant 

United States Coast Survey, from data collected by the Smithsonian Insti- 
tute. By Joseph Henry. 

148. Remarks on Mr. Airy's reduction of Kirchoflf's scale. By Wolcott Gibbs. 

149. On the origin of bitumens, together with experiments of the formation o 

asphaltum by S. F. Peckham. By J. D. Whitney. 

150. On the topography and topographical work west of the 103d meridian. By J. 

D. Whitney. 

151. On an invariable meter. By A. C. Twining. • 

152. On the tides and tidal currents in an estuary or a canal between two tidal basins. 

By B. Peirce. 

153. On the fossil human skull of Calaveras County, California. By J. D. Whitney. 

154. On deep-sea dredgings in the Gulf Stream. By L. F. Pourtales. 

155. On subdivisions of cretaceous and marine tertiary formations in California. By 

W. M. Gabb. 
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156. On the oonstitution of uric acid and its derivatives. By Wolcott Gibbs. 

157. On new methods in analytical chemistry. By WoLCOrr Gibbs. . 

158. On the tides and tidal currents of Hell-Gate. By Harry Mitchel. 

159. On the distribution of the forest vegetatiijn west of the Rocky Mountains. By 

W. H. Brewer. 

160. On the reported occurrence of human hones at Antelope Station, on the Union 

Pacific Railroad. By O. C. Marsh. 

161. On the motions of a freely-suspended pendulum. By J. G. Barnard. 

162. On tides and tidal currents in a harbor. By Benjamin Peirce. 

163. On alphabetic systems as tests of race. By W. D. Whitney. 

164. On a new borate from Mine Hill, Sussex County, New Jersey. By G. J. Brush. 

165. On the transportation of the materials of the carboniferous conglomerate. By 

J. S. Newberry. 

166. On the estimation of carbonic acid. By S. W. Johnson. 

167. On nitrification. By S. W. Johnson. 

168. On some points in the surface geology of the region west of the Eocky Mountains. 

By J. D. Whitney. 

169. On the pendulum and gyroscope as exhibiting the rotation of the earth. By 

J. G. Barnard. 

XI.— Washington, April 13-17, 1869. 

17^. On the age of beaver dams. By Alexander Agassiz. 

171. On the cooling of the sun and planets. By Benjamin Peirce. 

172. On the most plausible reconstruction of the original Appalachian surface. By 

J. P. Lesley. 

173. On the bone phosphate beds of South Carolina, their formation, age, and fossils, 

including the human remains lately discovered. By F. S. Holmes. 

174. On a new meridian and equal altitude instrument used in the Coast Survey. By 

J. E. HiLGARD. 

175. On the deep-sea exploration of the Gulf Stream. By Benjamin Peirce. 

176. On tidal researches. By William Ferrel. 

177. On tidal rainfall. By P. E. Chase. 

178. On the products of the action of the alkaline nitrates upon uric acid and its 

derivatives. By Wolcott Gibbs. 

179. On inversion in algebra. By Benjamin Peirce. 

180. On a mode of examination of potable waters. By B. F. Craig. 

181. On the meteorite which fell in Franklin County, Alabama, December 5, 1868. 

By George J. Brush. 

182. On a new member of the chrysolite group. By George J. Brush. 

183. On the effects of expansion and contraction in large ice fields, illustrating the 

formation of anticlinal and synclinal axes in geological formations. By M. 
C. Meigs. 

184. On international coinage. By S. B. Ruggles and E. B. Elliott. 

185. On the tornado in Iowa and Illinois, June 3, 1860. By W. L. Nicholson. 

186. On the history and present. condition of an investigation of the winds. By James 

H. Coffin. 

187. On the connection between solar spots, the magnetic declination, and the exhibi- 

tion of the aurora borealis. By Elias Loomis. 

188. On a certain new method of endiometrical analysis, with examples of analytical 

work done therewith. By B. Silliman and Henry Wurtz. 

189. On the effects of atmospheric air in reducing the illuminating power of coal gas. 

By B. Silliman and Henry Wurtz. 

190. On an important modification in the hydrocarbon process for the production of 

illuminating gas. By B. Silliman. 

191. On the physical construction of the sun. By J. H. Lane. 

192. On the periodic star in argus. By Elias Loomis. 
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XII. — ^Northampton, Mass., August 31-September 3, 1869. 

193. On the law of distribution of volcanoes ai\cl its bearing on the theory of 

volcanic action. By A. Gut^ot. 

194. On the correction for temperature and pressure in gas* analysis. By Wolcott 

GiBBS. 

195. Notice of a worn tooth and tusk of a mastodon indicating glacial action. By 

James Haxl. 

196. On the structure of the Rocky Mountains as observed in the southern extension 

of the Black Hill range, the Sheep Mountain, and the eastern part of the 
Medicine Bow range. By James Hall. 

197. On solar heat and the temperature of the surface of the moon. By J. Ericsson. 

198. On the rate of asimuthal motion of a freely suspended pendulum as corrected 

for the proper apsidal progression of its orbit. By J. G. Barnard. 

199. On certain ammonia cobalt bases. By Wolcott Gibbs. 

200. On the total eclipse of August 7, 1869. By B. A. Gould. 

201. On total eclipse of the sun, with observations on the recent eclipse. By Stephen 

Alexander. 

202. Notes on the aurora borealis. By W. H. Dall. 

203. On the total eclipse of the sun, August 7, 1869. By A. C. Twining. 

204. On accidental colors and their application to the explanation of some phenomena 

of solar eclipses. By Joseph Henry. 

205. On the application of the spectroscope to the analysis of reflected light. By 

Wolcott Gibbs. 

206. Contributions to the chemistry of common salt with special reference to our home 

sources of supply. By Charles A. Goesmann. 

207. On constancy of rotation of the earth, incompatible with solar influences. By 

John Ericsson. 

XIII.— Washington, April 13-17, 1870. 

208. On the measurement of wave-lengths by means of indices of refraction. By 

Wolcott Gibbs. 

209. On the coming transits of Venus, and the mode of observing them. By S. 

Newcomb. 

210. Meridional arcs measured in connection with the Coast Survey. By J. E. 

HiLGARD. 

211. The relations of the four archetypes of structure of the animal kingdom as parts 

of one life system. By A. Guyot. 

212. Observations on the measurement and iconography of crania. By G. A. Otis. 

213. The Northmen in Greenland. By 1. 1. Hayes. 

214. Considerations on the apparent inequalities of long periods in the moon's mean 

motiou, and on the possible variability of the siderial day. By S. Newcomb. 

215. On the deviation of compasses in iron-clad ships. By William Harkness. 

216. On the influence of the interior structure of the earth on precession and nuta- 

tion. By J. G. Barnard. 

217. On the classification of clouds. By Andre Poey. 

218. On the proposed astronomical observatory in the Argentine Republic. By B. A. 

Gould. 

219. On the comparison of barometers. By B. F. Craig. 

220. On certain points in the use of artificial lights in photographing objects; as seen 

with the microscope. By J. J. Woodward. 

221. On metric standards. By J. E. Hilgard. 

222. On artificial deformation of skulls. By G. A. Otis. 

223. Beduction of photographic observations of Praesepe. By B. A. Gould. 
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224. Astronomical photographs. By L. M. Rutherfurd. 

225. Ou some of the phenomenf^ attending the tornado-thunderstorm of Iowa and 

Illinois of June 3, I860. Report made for the Smithsonian Institute. By 

L. W. NiCHOLSO.V. 

226. The basalt of Washington Territory, Oregon, and Idaho. By R. W. Raymond. 

227. On the lignites of Western America. By J. S. Newberry. 

228. Description of the new binocular for the microscope to be used with high powers. 

By F. A. P. Barnard. 

229. Redemption periods of life annuities and reversions. By E. B. Elliott. 

230. On the polarization of the atmosphere. By Andre Poey. 

231. The classification of mammals. By Theo. Gill. 

232. A new form of quarteruions. By Benjamin Pbirce. 

233. New breeds of hardy silk-worms, which feed -on the ailanthns and oaks, and the 

importance of their introduction into the country, a future industry. By J. 
Q. A. Warren. 

XIV.— Washington, April 18-23, 1871. 

234. On the waning of the glacial period. By L. Agassiz. 

235. Explanation of the observed fact that a man's left side walks faster than his right* 

By William Ferrel. 

236. Additional evidences in regard to the antiquity of man. By J. D. Whitney., 

237. Optical notices. By Wolcott Gibbs. 

238. On the discharge of a small Leyden jar. By O. N. Rood. 

239. On the hoxatomic compounds of cobalt. By Wolcott Gibbs. 

240. Determinations of the moon's mass from tide observations. By William 

Ferrel. 

241. Some account of the progress in the investigation of the laws of winds. By 

James H. Coffin. 

242. Some phenomena of acoustics. By J. Henry. 

243. On the influence of a covering of snow on climate. By Alex. Woeikof. 

244. Systematic zoology^ and modem nomenclature. By Alexander Aqassiz. 

245. On the formation and motion of glaciers. By J. D. Whitney. 

246. On certain compounds of iridium. By Wolcott Gibbs. 

247. Geographical distribution of marine animals. By Alexander Agassiz. 

248. Non-associative algebra. By Benjamin Peirce. 

249. Observations of the eclipse of the sun, December 22, 1870. By J. C. Watson. 

250. Some remarks on Lambert's formula. By James H. Coffin. 

251. Probabilities in the game of billiards. By Benjamin Peirce. 

252. On the use of the zenith telescope in the observations of the transit of Venus. 

By Ormond Stone. 

( 

XY.— Washington, April 16-19, 1872. 

253. On evidences of glacial action near Montevideo, South America. By Louis 

Agassiz. 

254. On the application of photography to the observation of the transit of Venus. 

By Joseph Winlock. 

255. On observation of solar prominences. By Joseph Winlock. 

256. Remarks on the discovery of two new planets, Nos. 115 and 119. By James C. 

Watson. 

257. On the progress made^n the construction of metric standards for the several 

States of the Union. By J. E. Hilgard. 

258. Biographical memoir of Theodore Strong. By Stephen Alexander. 
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XVL— Cambridge, Mass., November 20-22, 1872. 

259. The orgauization of the uiuseum of comparative zoology in Cambridge. By L. 

Agassiz. 

260. On three different modes of teething among selachians. By L. Agassiz. 

261. On the manufacture of gunpowder for great guns, and on increia«ing the 

efficiency of small arms by improved ammunition and sights. By M. C. 
Meigs. 

262. An acoustic pyrometer. By A. M. Mayer. 

263. Results of the Coast Survey astronomical expedition to the Rooky Mountains. 

By Charles A. Young. 

264. Presentation of an isothermal chart, and of a hypsometric sketch of the United 

States. By Charles A. Schott. 

265. Account of the proceedings of the International Metric Commission. By J. E. 

HiLGARD. 

266. Development of actini». By Alex. Agassiz. 

2^. The glacial phenomena of the southern hemisphere compared with those of the 

northern. By L. Agassiz. 
269. Affinities of echinoderms and worms. By Alex. Agassiz. 

269. On the construction and advantages of a large aneroid barometer. By M. C. 

Meigs. 

270. Notice of investigations making in California on the reliability of the barometer 
• as a hypsometric instrument. By J. D. Whitney. 

271. PedicillarisB of echinoderms. By Alex. Agassiz. 

272. On the determination of the relative intensities of sounds, and on the measure- 

ment of the powers of various substances to transmit and reflect sonorous 
vibrations. By A. M. Mayer. 

273. Researches on the change of dimensions of iron and steel rods, and of hollow iron 

cylinders by their magnetization. By A. M. Mayer. 

274. Experimental exhibition of the exploration of an acoustic wave-surface. By A. 

M. Mayer. 

275. Analytical notices. By W. Gibbs. 

276. Results of recent dredgings on the coast of New England. By A. E. Verrill. 

277. Tidal researches. By W. Fbrrel. 

278. Embryological fragments concerning the volutidse. By L. Agassiz. 

279. On the specific identity of some animals along the Atlantic and Pacific shores of 

America. By L. Agassiz. 

280. The copulatory organs of the selachians compared with one another and with 

those of other vertebrates. By L. Agassiz. 

281. On the changes selachians undergo with age. By L. Agassiz. 

282. Critical remarks about scientific views entertained upon theoretical grounds. 

' By L. Agassiz. 

283. Observations on the nature and duration of lightning. By O. N. Rood. 

284. Notice of the progress of the topographical work of the geological survey of 

California. By J. D. Whitney. 

285. The 1474 corona line. By C. A. Young. 

286. Mathematical reversal and semi-reversal. By Benjamin Peirce. 

XVII.— WASHiNaTON; April 16-19, 1873. 

287. The determination of singular points of curves and surfaces by the methods of 

quartemions. By Benjamin Pkirce. 

288. On the meteoric iron found in 1871 near Shingle Springs, El Dorado County, 

California. By Benjamin Silliman. 

289. Determinations of longitude between Europe and America. By J. E. Hilgard. 

290. On the structure and age of the Cincinnati anticlinal. By J. S. Newberry. 
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.. On the need of more accurate investigations and tables of the celestial motions. 

By S. Newcomb. 
I. Experimental and graphic results of distilling certain hydrocarbons by heat with 
and without the aid of vacuum and steam. By C. F. Chandler and B. 

SlLLIMAN. 

I. The geodesy of the United States Coast Survey. By Benjamin Peirce. 

t. On the general atmospheric circulation. By A. J. Woeikoic. 

►. On repeating curves. By H. A. Newton. 

». Comparison of the spectra of the limb and of the center of the sun made at the 

Sheffield Scientific School by Charles Hastings. By H. A. Newton. 
^ On the observation of very small stars near the ecliptic, and some peculiarities 

ih two recently discovered minor planets. By J. C. Watson. 
i. On the altitude of Gray's and Torrey's Peaks, in Colorado Territory ; some ques- 
tions connected with the determination of barometric altitudes in the interior 

of continents. By A. Guyot. 
K On some experiments made with a slitless spectroscope in 1871 in order to see the 

whole chromoscope of the sun at once. By Josejph Winlock. 
). On the stability of the meridian circle of Harvard College. By Joseph Winlock 
.. On the method of illuminating the threads of the reticule of a telescope by the 

electric spark. By Joseph Winlock. 
!. On observations of the sun made at Harvard College in 1872 with the aid of the 

Bache fund. By Joseph Winlock. 

• 

t. Report of the progress of a magnetic survey made by the aid of ttie Bache fund. 

By J. E. Hilgard. 
L On certain harmonies of the solar system. By Stephen Alexander. 
►.On the reproduction in progeny of defects produced by injuries in parents. By 

Charles E. Brown- Sequard. 
>. Silt analysis of soils and clays. By E. W. Hilgard. 
^ On the unity of the system of life in animals, and the true principle of graduation 

in the various animal types. By A. Guyot. 

XVIII.— New York, October 28-31, 1873. 

). Sound in relation to fog-signals. By Joseph Henry. 

K Results of explorations of the deeper portions of the Gulf of Maine with the 

dredge. By A. S. Packard, Jr. 
K On the constitution of the sun's surface. By C. A. Young. 
.. On the admeasurement of volume. By J. E. Hilgard. 
S. On the determination of the volume of a sphere. By Homer J. Lane. 
\. On the distribution of the thoracic spiracles of insects. By A. S. Packard, 
i. Some results derived from an ^examination of the United States weather maps. 

By Elias Loomis. 
>. Circles of deposition in American sedimentary strata. By J. S. Newberry. 
I. On the relations of different classes of vertebrates. By Theodore Gill. 
. On a new method of analysis of composite sounds, and on experiments elucidating 

Helmbolt's hypothesis of audition. By A. M. Mayer. 
I. Experimental researches on fluorescence. By Henry Morton. 

XIX.— WASHINGTON, APRIL 21-25, 1874. 

I. On the classification of the rynchophorous series of coleoptera. By J. L. 

LeConte. 
'. Combiniations of mechanism representing mental processes. By Fairman 

Rogers. 
. Suggestions as to the functions of the spiral scale of the cochlea, leading to an 

hypothesis of the mechanism of audition. By Alfred M. Mayer. 
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322. Results of a series of experimeuts ou the sets or residual deflections of pine sticks 

after having been subjected to a transverse stress. By W. A. Norton. 

323. On the pretended localization of the mental and the sensorial faculties of the 

brain. By Charles E. Brown- Sequard. 

324. Account of the proceedings of the commission for observing the transit of Venus 

By Simon Newcomb. 

325. The progress made in the survey of the Colorado River of the West and its trib- 

utaries, by parties under the direction of the Smithsonian Institution. By 
J. W. Powell. 

326. On the tides of Tahiti. By William Ferrel. 

327. The law of duration of the residual sonorous t»ensation. By Alfred M. Mater. 

328. On metamerism in inorganic chemistry. By W. Gibbs. 

329. An outline of the history and operations of the United States Geological Survey 

of the Territories, with some account of its results. By F. V. Hayden. 

330. On a small correction of the velocity of light, as deduced from experiments. 

By Stephen Alexander, 

331. Miueralogical notes. By B. Silliman. 

332. Experiments on the reflection of sound from flames and heated gases. By A. M. 

Mayer. 

333. On the laws of cyclones. By William Ferrel. 

334. The history of Smith Sound, in a geographical and geological point of view, 

and some other general results of the Polaris expedition. By E. Bessels* 

335. Some results of an examination of the United States weather maps for the years 

1872 and 1873. By Elias Loomis. 

336. On the so-called land plants of 'the Lower Silurian of Ohio. By J. S. Newberry. 

337. Report on the great telescope of the United States Naval Observatory. . By Simon 

Newcomb. 

338. The geographical distribution of the lignite group of the Southwest, with some 

remarks in regard to its age. By F. V. Hayden. 

339. On certain phenomena sometimes presented by three of the satellites of Jupiter. 

By Stephen Alexander. 

340. A criticism on the contractional hypothesis of the earth's surface-change. By 

C. E. Button. 

341. On the polarization of the zodiacal light. By A. W. Wright. 

342. On some points in Mallet's theory of vulcanicity. By E. W. Hilgard. 

343. On the zodiacal light. By Stephen Alexander. 

344. A new set of Bernouilli's numbers. By J. D. Warren. 

XX. — Philadelphia, November 3-6, 1874. 

345. Additional results derived from an examination of the United States weather 

reports. By Elias Loomis. 

346. A new method of investigating the composite nature of the electric discharge. 

By A. M. Mayer. 

347. On the specific gravity of the waters of the Gulf of Maine. By A. S. Packard, Jr. 

348. On ancient ruins in Southwestern Colorado. By F. V. Hayden. 

349. Some examples of the decomposition of rocks. By T. Sterry Hunt. 

350. On an undescribed organ in Limulus, supposed to be venal in its nature. By A. 

S. Packard. 

351. New discussion of the secular change of the magnetic declination in the United 

States and adjacent countries in North America. By Charles A. Schott. 

352. On a method of measuring minute variations in atraospheri6 pressure. By A. M. 

Mayer. 

353. On the change in dimension of hollow iron cylinders and solid iron rods on their 

magnetization. By A. M. Mayer. 
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^4. On the borizoDtal pendulum as arranged for purposes of physical investigation. 
By Ogden N. Rood.. 

355. On the effect of magnetism on the thickness of soft iron bars. By Ogden N. 

Rood. 

356. On atmospheric air as engaged with sound. By Joseph Henry. 

357. On summary of work done by the United States Geoh>gical Survey of the Terri- 

tories during the season of 1874. By F. V. Hayden. 

358. On a method of separating ammonia and its compounds from gaseous mixtures. 

By B. Silliman. 

359. On an instance of total replacement of porphyry matrix by metallic copper.^ By 

Raphael PuxMpelly. 

360. An additional character serving to define the rhynchopborous series of coleop- 

tera. By J. L. Le Conte. 
161. On the use of a mineral poison for tlie protection of agriculture. By J. L. Le 

Conte. 
36*2. Notes «m Grant's difference engine. By F. Rogeks. 

363. Observations on the Newport conglomerate. By W. B. Rogers. 

364. Simple mode of producing electricity for lecture-room purposes. By R. E. Rogers. 

365. Remarks in regard to the age of the lignitic group of Colorado. By F. V. Hayden. 

366. On the value of paleontological evidence in determination of strata. By Theo- 

dore Gill. 

367. Description of a balance for determining specific gravities without calculation. 

By F. A. P. Barnard. 

XXL— WASHINGTON, APRIL 20-23, 1875. 

368. Results derived from an examination of the United States weather maps for 

l'<72, H7:{, and 1874. By Elias Loomis. 

369. Notes on observation of the transit of Venus. By G. Davidson. 

370. On an improvement of the present civil or Gregorian calendar. By J. P. Brad- 

ley.' 

371. Results of experiments on the set of rectangular bars of wood, iron, and steel, 

resulting from a transverse stress. By W. A. Norton. 

372. Note on Goldschmid's aneroid barometer. By J. £. Hilgard. 

373. Sketch of progress of second geological survey of Pennsylvania. By J. P. Lesley. 

374. On the orography of the Catskill group of mountains. By A. Guyot, 

375. Report of the committee on weights, measures, and coinage. By F. A. P. Barn- 

ard. 

376. On tbe observations of contacts in transits of Venus and Mercury. By S. New- 

comb. 

377. New formula for the deflections of rectangular bars or beams, resting on supports 

and subjected to a transverse stress. By W. A. Norton. 
S7d. Size of the brain of extinct mammals. By O. C. Marsh. 

379. Account of researches in solar physics made at the Alleghany Observatory during 

the past four years. By S. P. Langley. 

380. Use of the stereoscope in the study of solid geometry. By James D. Warner. 

331. On the interpolation of a change of sign by passage through infinity of a mathe- 
matical function expressive of a physical phenomenon ; a curious particular 
case in the theory of tides. By J. G. Barnard. 

382. On the discussion of the laws of atmospheric circulation, by Prof. James H. Coffin 

(now deceased). By Selden J. Coffin. 
2S3. On the influence of arsenical compounds upon vegetation. By Wm. McMartin. 
384. Preliminary account of results of a magnetic survey made at the charge of the 

Bache fund. By J. E. Hilgard. 
385., On the relations of some of our ancient fossil fishes to living forms. By J. S. 

Newberry. 
386. On areas of cold. By A. Woeikof. 
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XXII. — Philadelphia, November 2-5, 1875. 

387. On the evidence of horizontal crashing in the formation of the Coast Range of 

California. By Joseph Le Conte. 

388. Contributions to meteorology. By Elias Loomis. 

389. On the composition of schorlomite. By George A. Koenig. 

390. Sound in its applications to fog-signals. By Joseph Henry. 

391. Table of the sedimentary group of the plateaus. By J. W. Powell. 

392. Second notice of Grant's difference engine. By Fairman Rogers. 

393. A new and simple form of compensating pendulum. By J. Lawrence Smith. 

394. A confirmation of my theory of the zodiacal light. By Stephen Alexander. 

395. Exposition of several very peculiar astronomical phenomena. By Stephen 

Alexander. 

396. Influence of marine life and currents m the formation of metalliferous deposits. 

By Raphael Pumpelly. 

397. A soluble crystalline product from the graphite of meteoric iron. By J. Law- 

rence Smith. 

398. A notice of the modern system of chemical terminology. By R. E. Rogers. 

399. On the steam geysers of California, and on the chemistry of the mines of the 

Corns tock Lode. By R. E. Rogers. 

XXIII.— Washington, April 18-22, 1876. 

400. On the precise determination of the number of vibrations of tuning-forks, and 

on the etfect of temperature and of amplitude on the same. By A. M. Mayer. 

401. On the theory of simultaneous ignition of many mines. By H. L. Abbot. 

402. On the theory of magic squares. By F. A. P. Barnard. 

403. Contributions to meteorology. By Ella.» Loomis. 

404. On the sensations produced by concurrent and rapidly succeeding sounds. By 

A. M. Mayer. 

405. On maxima and minima in algebra, by the late General D. P. Woodbury, with a 

biographical notice of the author. By J. G. Barnard. 

406. The character of the Eocene fauna of New Mexico. By E. D. Cope. 

407. On the history of the problem of taugencies. By Benjamin Alvord. 

408. On the geological evidences on the question of the cause of the cold of the ice 

period. By J. S. Newberry. 

409. Biographical memoir of Joseph Winlock. By J. Lo vbring. 

410. On a method of exploring the acoustic condition of the atmosphere leading to 

determining the direction of a source of sound. By A. M. Mayer. 

411. On the geological and physical structure of the Black Hills. By Henry Newton. 

412. On the imperfection of the present system of chemical nomenclature. By R. E, 

Rogers. 

413. The age of mountains as determined by degradation. By J. W. Powell. 

414. On the progress of the magnetic survey of the United States at the charge of 

the Bache fund of the Academy. By J. E. Hilgard. 

415. Results of experiments on contact resistance. By William A. Norton. 

416. A conjectural restoration of the pueblo of the mound-builders. By L. H. Morgan.. 

417. On the geology of petroleum. By J. 8. Newberry. 

XXIY.— Philadelphia, October 17-19, 187(5. 

418. Contributions to meteorology. By Elias Loomis. 

419. Upon the direct comparison of solar radiation with that of the Bessemer furnace 

and upon the law of Du Loug and Petit. By S. P. Langley. 

420. On the affinities of hypocephalns. By J. L. Le Conte. 
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421. On a change in the relative length of the British bronze and iron standard yards 

in the United States office of weights and measures. By J. E. Hilgard. 

422. On sounds io relation to fog-signals. By Joseph Henry. 

423. The results of an investigation upon the transformation of Planorbis multiformis. 

By Alpheus Hyatt. 

424. On the transmission of the shock of the explosion at Hell Gate. By H. L. Abbot. 

425. On the geological structure and topographical aspects of the Catskill Mountains . 

By James Hall. 

426. On the physical structure and altitudes of the soutlnern group of the Catskill 

Mountains. By A. Guyot. 

427. On the force involved in Crooke's radiometer. By O. N. Rood. 

428. On a new method of studying reflection of sound-waves. By O. N. Rood. 

429. On a property of the retina first observed by Tate. By O. N. Rood. 

430. On a series of molecular changes in the basaltic rocks of Lake Superior. By R. 

PUMPELLY. 

431. On the power of certain substances to abstract salts from their solution in water 

by filtration throagh them. By R. E. Rogers. 

432. On the compensation of a pendulum heretofore described. By J. Lawrence 

Smith. 

XXV.— Washington, April 17-20, 1877. 

433. On a new measuring instrument, the Vernier microscope. By A. M. Mayer. 

434. On systematic errors in star declinations. By E. C. Pickering and W. A. 

Rogers. 

435. On the young stages of s6me osseous fishes. By Alexander Agassiz. 

436. On critical periods in the history of the earth, and their relations to evolution, 

and on the quaternary at such a period. By Joseph Le Conte. 

437. On the progressive motion of storms. By William Ferrel. 

438. Contributions to meteorology. By E. Loomis. 

439. Improved method of obtaining metallic spectra. By G. F. Barker. 

440. On the effect produced by mixing white with colored light. By O. N. Rood. 

441. On Newton^s use of the term indigo, with reference to a color of the spectrum. 

By O.N. Rood. 

442. Internal structure of the earth as affecting the phenomena of precession and 

mutation : supplementary to article under this head read before the Academy 
and published in Vol. XIX, Smithsonian Contributions. By J. G. Barnard. 

443. On a method of solar spectrum analysis. By S. P. Langley. 

444. On complex inorganic acids. By Wolcott Gibbs. 

445. Micrometer-level and topographical camera. By E. C. Pickering. 

446. On the determination of the coefficient of expansion of solids. By A. M. 

Mayer. 

447. The results of deep-sea dredgings. By Alexander Agassiz. 

448. Description of a detached gravity escapement. By C. A. Young. 

449. On the laws ruling the vibrations of tuning-forks. By A. M. Mayer. 

450. On the structure of the '* Henry" Mountains. By G. K. Gilbert. 

451. On some remarkable facts in the distribution of magnetism in very long (60 

inches) magnets. By A. M. Mayer. 

452. Remarks on some artesian wells along the line of the Union Pacific Railroad, in 

Wyoming Territory. By F. V. Hayden. 

453. On the structure of the crystalline lens and its relation to periscopism. By 

Joseph Le Conte. 

454. Remarks on the apparent secular acceleration of the mean motion of the moon, 

as derived from the observations of ancient eclipses. By Simon Nbwcomb, 

455. Researches in lunar theory. By Geo. W. Hill. 

456. On the public domain. By J. W. Powell. 
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XXVI.— New York, October 23-25, 1877. 

457. Oq the laws of extreme distances in the solar system. By STEPHE>f Alexander. 

458. Velocity of transmission of shocks cansed by the explosion of giinpowdor and of 

jiitro-glycerine compounds through the earth's crust. By Henry L. Abbot. 

459. On the morphology <»f the <antlers of the Cervidse. By Theodore Gill. 

460. On a new and simple method of determining the number of vibrations of sonor- 

ous bodies. By A. M. Mayer. 

461 . On a construction for the study of the contrast of colors. By O. N. Rood. 

462. Whence came the inner satellite of Mars. By Stephen Alexander. 

463. On the photometric comparisons of light of different colors. By O. N. Rood. 

464. Contributions to meteorology (eighth paper). By Elias Loomis. 

465. On abnormal phenomena of sound in relation to fog signals, on behalf of the 

United States Light-House Board. By Joseph Henry. 

466. On the development of flounders. By Alexander Agasbiz. 

467. On the luminous band which seems to encircle the moon during a partial solar 

eclipse. By Stephen Alexander. 

468. Note on the hydraulic limestone and associated strata at the falls of the Ohio. 

By James Hall. 

469. On some gigantic Dinosaurian reptiles from the wealden of the Rocky Mountains. 

By O. C. Marsh. 

470. On comets. By H. A. Newton. 

471. On the inclinations in a direction retrograde to the shadow of the planets. By 

Stephen Alexander. 

472. On a method of studying the velocity of sound in. wood. By Dr. M. C. Ihlseng. 

473. On some new fossil fishes from Ohio and Indiana. By J. S. Dewberry. 

474. On the geological age <»f the westwru lignites. By J. S. Newberry. 

475. Remarks on the analyses of columbate, and on the native iron and basalt of 

Greenland, with exhibition of specimens showing the occurrence of sul- 
phuret of chrome in meteoric iron. By J. Lawrence Smith. 

476. On the air-sacs of locusts. By A. S. Packard, Jr. (Communicated by Alex- 

ander Agassiz. ) 

477. On the glycogenic function of the liver, and its relation to vital force and vital 

heat. By Joseph Le Contk. 

478. American cretaceous birds. By O. C. Marsh. 

479. Biographical memoir of Louis Agassiz; 1st part. Relating to his life and work 

in Europe. By A. GuYOT. 

XXVII.— Washington, April 16-19, 1878. 

480. Formation and structure of Alacrane Reef, on the Yucatan bank. By A. Agas- 

siz. 

481. The theory of water-spouts. By Wm. Ferrel. 

482. Report on the orbits of the satellites of Mars. By A. Hall. 

483. The relation of loess and drift to secular disintegration. By R. Pumpeixy. 
4tt4. The characteristic invertebrate forms of the central zoo-geographical province 

of the United States. By A. S. Packard, Jr. 

485. On an optical ocean salinometer. By J. E. Hilgard. 

486. Preliminary report on deep-sea dredgings of the United States Coast Survey, 

steamer Blake, during the past winter, in the Gulf of Mexico and in the 
Gulf Stream. By A. Agassiz. 

487. Abrasions on the northwest coast of America. By G. Davidson. 

488. On the law of Boyle and Mariotte. By W. Gibbs. 

489. Abstract of memoir on the intersection of circles and the intersection of spheres. 

By B. Alvord. 
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490. Biograpbioal memoir of Louis Agassiz ; 2d part. Relating to his life and work 

in America. By A. Guyot. 

491. Biographical memoir of Jeffries Wyman. By A. S. Packard, Jr. 

492. Plan for measuring the velocity of light. By S. Nbwcomb. 

493. On the force of effective molecular action. By W. A. Norton. 

494. On the value of the results ohtained for the solar parallex from the English tele- 

scopic observations. By C. H. F. Peters. 

495. On the vertebrate fauna of the Permian period of the United States. By E. D. 

Cope. 

496. Report of progress on the subject of oxygen in the sun. By H. Draper. 

497. Photometric comparison of the components of close double stars. By E. C. 

Pickering. 

498. On the duplication of geographical names. By F. Y. Hayden. 

499. Characteristics of some of the lower spectral lines. By S. P. Langley. 

500. A new element of the cerium group. By J. L. Smith. 

501. On the primary zoo-geogifkphical divisions of the globe, and their relations. By 

T. N. Gill. 

502. Mr. Wallace and Mr. Allen on geographical distribution, with special reference 

to the alleged distinctness of the nearctic region. By £. CouES. 

503. On the laws governing the movements of the Rocky Mountain locusts. By C. V. 

Riley. 

504. On the structure and origin of mountains, with special reference to recent ob- 

jections to the contractional theory. By Joseph Le Conte. 

505. Photometric measures of certain faint stars and planets. By £. C. Pickering. 

506. Contributions to meteorology. By E. LooMis. 

507. Recent displacements in Utah. By G. K. Gilbert. 

508. Supplementary notice on the paper '^ Whence came the inner satellite of Mars/' 

read at the October session, 1877. By S. Alexander. 

XXVIII.—Kew York, November 6-^, 1878. 

Title of papers read at the November seseionj 1878. 

509. On the solar eclipse of July 29, 1878. By Henry Draper. 

510. The early types of insects. By S. H. Scudder. 

511. On the acceleration of gravity at Initial stations. By C. S. Peirce. 

512. The inapplicability of the old theory of turbine water-wheels to the new con- 

structions of Boyden and Francis. By W. P. Trowbridge. 

513. The embryology of the gar-pike. By A. Agassiz. 

514. On arrangement of a zoological marine laboratory at Newport. By A. Agassiz. 

515. On the value of photography in the study of instantaneous phenomena, illus- 

trated by photographs taken at successive stages of torpedo explosions. By 
H. L Abbot. 

516. On the eleventh axiom of Euclid, with a proposed demonstration of the same. 

By S. Alexander. 

517. A biographical memoir of Prof. Dennis Hart Mahan. By H. L. Abbot. 

518. A continuation of a paper presented at the April meeting on the ** Intersection 

of circles and the intersection of spheres." By B. Alvord. 

519. Contribution to meteorology ; storms of the Atlantic Ocean. By E. LooMis. 

520. On the instruments of precision at the Paris Exposition, &c. By G. Davidson. 

521. On some remains of new fossil fishes and their relation to living forms. By J. 

S. Newberry. 

522. On the quantitive analysis of white light. By O. N. Rood. 

523. On measures of the diameter of Mercury by a new method, made at the transit 

of Mav 6, 1878. By C. A. Young. 
S, Mis. 85 i 
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524. A recapitalatioD of some of the aathor's views ou the origin of the forms and the 

present state of many of the clusters of stars and of several of the nebulssi 
sonrce of solar heat, and drift of the stars. By S. Alexander. 

525. On some mooted points in American geology. By J. S. Newberry. 

526. On Hering's theory of color. By O. N. Rood. 

527. On the characters of the theromorphous reptilia and stegocephalous batrachia. 

By E. D. Cope. 

528. Brief notice of the total solar eclipse of January 11, 1880. By S. Alexander. 

529. Some remarks on an investigation of the laws of heredity, undertaken by the 

board of health of Massachusetts. By A. Hyatt. 

530. On certain modifications of the Schehallien experiment, and of the Cavendish 

experiment. By S. Alexander. 

XXIX— Washington, April 15-18, 1879. 

531. Ghosts in the diflEraction spectra. By C. S. Peirce. 

532. Comparisons of the meter with wave lengths. By*C. S. Peirce. 

533. On the relations of neuralgic pains to storms and the earth's magnetism. By S. 

Weir Mitchell. 

534. Confirmations by spectrum photographs of the discovery of oxygen in the sun. 

By Henry Draper. 

535. On vowel theories, considered in the light of recent experiments with the phono- 

graph and phon autograph. By A. Graham Bell. 

536. The Palaeozoic cockroaches. By S. H. Scudder. 

537. On the eclipses of Jupiter's satellites. By E. C. Pickering. 

538. On a new form of heliostat. By Alfred M. Mayer. 

539. On the extinct species of the rhinoceros and allied forms of North America. By 

E. D. Cope. 

540. On the errors of pendulum experiments, and on the method of swinging pendu- 

lums proposed by Mr. Faye. By C. S. Peirce. 

541. The loess of the Mississippi, and the ^olian hypothesis. By E. W. Hilgard. 

542. The extinct volcanoes about Lake Mono, and their relation to our glacial drift. 

By Joseph Lee Conte. 

543. Report on the progress of the International Bureau of Weights and Measures. 

By J. E. Hilgard. 

544. On the stability and instability of drainage lines. By G. K. Gilbert. 

545. On a new polariscopic method for the detection and estimation of dextro-glucose 

in the presence of cane and invested sugars. By Charles F. Chandler. 

546. On the ignition of high-tension fuses. By Henry L. Abbot. 

547. On the hibernations and migrations of Aletia argilacea (the parent of the cotton 

worm). By C. V. Riley. 

548. Report on dredgings in the Caribbean Sea by the Coast Survey steamer Blake, 

Commander John R. Bartlett, United States Navy. By Alexander Agas- 
siz. 

549. On two new forms of micrometers. By E. C. Pickering. 

550. On the physical hydrography of the Gulf of Maine. By Henry Mitchell. 

551. The winds on Mount Washington compared with the wiuds near the level of the 

sea. By Ellas Loomis. 

552. On a mineral locality in Fairfield County, Connecticut. By G. J. Brush. 

553. On the great silver deposits recently discovered in Colorado, Utah, and Nevada. 

By J. S. Newberry. 

554. On the recurrence of solar eclipses. By Simon Newcomb. 

555. On the influence of Jupiter upon bodies passing near that planet. By H, A. 

Newton. 
656. On the projections of the sphere which preserve the angles. By C. S. Peirce. 
557. Report of the Committee on Weights, Measures, and Coinage. By F. A. P. 

Barnard. 
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558. Ad account of geodetic arcs determined by the Coast Survey in relation to the 

figure of the earth. By J. E. Hilgard. 

559. A biographical memoir of the late Dr. Thpodore Strong. By Justice J. P. 

Bradley. 

560. A biographical memoir of the late Dr. Jared P. Kirtland. By J. S. New- 

berry. 

561. On two more diazo colors from coal-tar. (Read by title only.) By C. F. Chand- 

ler. 

XXX.— New York, October 25-30, 1879. 

562. On photographing spectra of the stars. By Henry Draper. 

563. Spectroscopic notes. By C. A. Young. 

564. Original researches, reported in the second volame of the Medical and Surgical 

History of the War of the Rebellion. By J. J. Woodward. 

565. Some observations on the structure of the human brain. By J. C. Dalton. 

566. Some remarks on a new map of the Catskill Mountains, and on the topographical 

relations of that mountain group to the adjacent regions of the Appalachian 
system. By A. Guyot. 

567. Brief comments on the nebular hypothesis of La Place. By S. Alexander. 

568. On some new and remarkable forms of crinoidea from the lower Helderberg 

formation. By J. Hall. 

569. Notes on the Lycoperditis yauuxemi and allied forms. By J. Hall. 

570. Mean pressure of the atmosphere over the United States at different seasons of 

the year. By E. Loomis. 

571. The satellites of Mars in 1879. By A. Hall. 

572. Questions as to a very direct and simple method of ascertaining the ellipticity of 

the terrestrial spheroid. By S. Alexander. 

573. The completion of the theory of parallel straight lines. By S. Alexander. 

574. Old river beds of California. By Joseph Le Conte. 

575. On our memory for color and luminosity. By O. N. Rood. 

576. On absorption of the solar atmosphere. By S. P. Langley. 

577. On the glycogenic function of the liver. By Joseph Le Conte. 

578. On Arago's experiment showing the magnetism of a conductor. By G. F. Barker. 

579. On the vegetation of the Atlantic coast of North America in the cretaceous age. 

By J. S. Newberry. 

580. On some interesting deposits of gold and silver ores in Utah and Colorado. By 

J. S. Newberry. 

581. On mocandrnm and other earths recently announced as occurring in gadolinite, 

samarkite, &c. By J. Lee Smith. 

XXXI.— Washington, April 20-23, 1880. 

582. Binocular vision ; laws of ocular motion. By Joseph Le Conte. 

583. On hollow water- spouts and sand-spouts. By William Ferrel. 

584. On the structure of the vertebrata of the Permian period. By E. D. Cope. 

585. On the perforations in the squamosal bone of the mammalia. By E. D. Cope. 

586. Contributions to meteorology ; on sudden changes of temperature at stations near 

the Rocky Mountains. By E. Loomis. 

587. The sea urchins of the Challenger expedition. By A. Agassiz. 

588. On the structure of the brain of Limulus Polyphemus. By A. S. Packard. 

589. Conclusion of the investigations of the laws of ruling the vibrations of tuning- 

forks. By A. M. Mayer. 

590. On the size of the brains of extinct animals. By O. C. Marsh. 

591. On new complex inorganic acids. By W. Gibbs. 

.592. On the use of the electric telegraph during total eclipses, applied to the search 
for intra-mercurial planets. By D. P. Todd. 
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593. Ou the telegraphic determinations of longitude by the United States Hydro- 

graphic Office. By F. H. Greex. 

594. On the taconic system in geology. By T. S. Hunt. 

595. On an instmment for measuring radiant heat. By S. P. Langlet. 

596. On the composition of colors. By S. P. L angle Y. 

597. On the nebula of Orion. By E. S. Holden. 

598. On the distribution of the Zonopis conchifera. By T. N. Gill. 

599. On the solar corona. By William Harkness. 

600. On an early race of man in Japan. By £. S. Norse. 

601. Revision of atomic weight of antimony. By J. P. Cooke. . 

602. Cloud-bursts. By William Ferrel. 

603. On the effects of vibrations transmitted by railroad trains on observations in 

fixed observatories. By H. H. Paul. 

604. On the modifications suffered by light on passing through a very narrow slit. 

By A. A. Michelson. 

605. Some remarks on the supposed nature of the sun's corona. By J. L. Smith. 

606. On a supposed new meteoric silicate. By J. L. Smith. 

607. On some modem developments bearing upon the nebular hypothesis and other 

matters connected therewith, as well as on some previous changes and mis- 
cellaneous notices. By S. Alexander. 

XXXII.— New York, November 16-19, 1880. 

608. Report on the dredging cruise of the United States steamer Blake, Commander 

Bartlett, during the summer of 1880. By Alexander Agassiz. 

609. On the intimate structure of certain mineral veins. By Benjamin Silliman. 

610. Notes on the relations of the Oneonta and Montrose sandstones with the sand- 

stones of the CatskiU Mounr«ins. By James Hall. 

611. On the new general method of analysis. By Wolcott Gibbs. 

612. On some recent experiments in determining the electro-motive force of the Brush 

dynamo-electric machine. By Henry Morton. 

613. Measurement of new form of electric lamps operating by incandescence. By 

Henry Morton. 

614. On the PhenacodontidsB. By E. D. Cope. 

615. On the Nimravidsd and CanidsB of the Miocene period. By E. D. Cope. 

616. On the basin of the Gulf of Mexico. By J. E. Hilgard. 

617. On the origin of the coral of reefs of the Yucatan and Florida banks. By Alex- 

ander Agassiz. 

618. Observations on ice and icebergs in the Polar regions. (By invitation of the 

Academy.) By Lieut. F. Schwatka, U. 8. A. 

619. On the duration of the Arctic winter. (By invitation of the Academy.) By 

Lieut. F. Schwatka, U. S. A. 

620. Mineralogical notes. By Benjamin Silliman. 

621. The relationship of the Carboniferous to living and extinct Myriapods. By 

Samuel H. Scudder. 

622. On measurement of radiant energy. By S. P, Langley. 

623. On the bolometer. By S. P. Langley. 

624. Causes which determine the progressive movements of storms. By Elias Loomis. 

625. On the antimony mines of Southern Utah. By J. 8. Newberry. 

626. On the conglomerate ore deposits of the United States and Mexico. By J. S. 

Newberry. 

627. On an improvement in the Sprengel air-pump. By O. N. Rood. 

628. On the deposits of crystalline ores in Utah. By J. S. Newberry. 

629. On the origin of anthracite. By T. Sterry Hunt. 

630. On the star list of Abul Hassan. By C. H. F. Peters. 

631. On photographing the nebula in Orion. By Henry Draper. 
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632. On condensers for currents of high potential. By George F. Barker. 

633. On Sigsbee's grayitating trap. By Alexander Agassiz. 

634. On the ellipticity of the earth as deduced from pendulum experiments. By 

Charles S. Peirce. 

635. Dimensions of the brain and spinal cord in some extinct animals. By 0. C. 

Marsh. 

XXXIII.— Washington, April 19-22, 1881. 

636. On the domain of physiology. By T. Sterry Hunt. 

637. The compass plant of the western prairies. (By inyitation of the Academy.) 

By B. Alvord. 

638. The solar constant. By S. P. Langley. 

639. The color of the sun. By S. P. Langley. 

640. On mountain observations. By S. P. Langley. 

641. On the relations of soils to health. By R. Pumpelly. 

642. Reduction to sea level of barometric observations made at elevated stations. By 

Elias Loomis. 

643. On electric light photometry. By George'F. Barker. 

644. On the condenser method of measuring high tension currents. By George F. 

Barker. 

645. On the relations between strains aad impacts and the structure of the feet of 

mammalia. By E. D. Cope. 

646. On the progress of pendulum work. By C. S. Peirce. 

647. On the carbon lamp fiber in the thermo-balance. By George F. Barker. 

648. Upon the production of sound by radiant energy. By A. Graham Bell. 

649. On the later tertiary of the Gulf of Mexico. By E. W. Hilgard. 

650. On the utilization of the sun's rays in heating and ventilating. By Edward S. 

Morse. 

651. Recent researches in the vicinity of Bering's Strait, an account of the land ice of 

Kotzebue Sound and the Arctic coast. By W. H. Dall. 

652. Recent researches in the vicinity of Bering's Strait ; (II) additions to our knowl- 

edge of the currents and temperature of the ocean in the vicinity of Bering's 
Strait. By W. H. Dall. 

653. Results just obtained with regard to the molecular weight of hydro-fluoric acid. 

By J. W. Mallet. 

654. A method for finding the proximities of the orbits of minor planets. By C. H. F. 

Peters. 

655. On incandescent lights. By George F. Barker. 

656. On the auriferous gravels of California. By T. Sterry Hunt. 

657. Biographical memoir of Louis F. Pourtales. By A. Agassiz. 

XXXIV. — ^Philadelphia, IITovember 15-17, 1881. 

658. On a gigantic scalpa from the Gulf Stream. By A. Agassiz. 

659. The echini of the Challenger expedition. By A. Agassiz. 

660. Classification of the Dinosiuria. By O. C. Marsh. 

661. Mean annual rainfall for different countries of the globe. By Elias Loomis. 

662. The porntidse and velellidae and the surface fauna of the Gulf Stream. By A. 

Agassiz. 

663. On complex inorganic acids. By W. Gibbs. 

664. On the PhenacodontidsB, a new group of Perissodactyla. By E. D. Cope. 

665. Succession in time of the Allotheria. By O. C. Marsh. 

666. The distribution of the corals of the Tortugas. By A. Agassiz. 

667. A comparison between the shells of Kjokkenmoddings and present shells of the 

species. By E. S. Morse. 

668. On a form of regulator for the dnving-cVo^ik. oi wv ^Q^'dXxma^L^ ^^ ^. Kn^^x?a5^. 
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669. On the objects and results of the recent expedition to Monnt Whitney. By S. 

P. Langley. 

670. Notice of a remarkable mineral vein in the Black range (Negretta Mountains) of 

Socorro County, New Mexico. By B. Silliman. 

671. Statement respecting experiments on the velocity of light. By Simon New- 

comb. 

672. On the logic of number. By C. S. Peirce. 

673. On hydrometer scales. By G. F. Chandler. 

674. On chinoline, its synthesis and medical uses. By Henry Morton. 

675. On the theory of the dynamo-electric machine. By W. Gibbs. 

676. Facts regarding sorghum^ and some conclusions as to its value as a source of 

sugar. (Read by B. Silliman.) By Peter Collier. 

677. On Mascart's electrometer and its use as a meteorological instrument. By G. F. 

Barker. 

678. On the fossil and recent faunsB of the Oregon desert. By E. D. Cope. 

679. On a new form of volumescope. By R. E. Rogers. 

680. The newly-determined line of the terminal moraine across Pennsylvania. By J. 

P. Lesley. 
Biographical memoir of S. F. Haldeman. By J. P. Lesley. 

XXXV.— WASHINGTON, APRIL 18-21, 1882. 

681. On the course of the Gulf Stream since the Cretaceous period. By A. Agassiz. 

682. Notes on the geology of Yucatan. By A. Agassiz. 

683. The pre-Cambrian rocks of Italy. By T. Sterry Hunt. 

684. On the brain of Phenacodus. By E. D. Cope. 

685. On the young stages of a few osseous fishes. By A. Agassiz. 

686. On the genesis and development of the Chiropterygium from the Ichthyoptery- 

gium. By T. Gill. 

687. The affinities of Palseocampa, Meek and Worthen, as evidence of the wide 

diversity of type in the earliest known myriapods. By S. H. Scudder. 

688. Preliminary notice of a new dividing engine. By H. A. Rowland. 

689. On photographs of the spectrum of the nebula of Orion. By H. Draper. 

690. Theory of concave gratings. By H. A. Rowland. 

691. On the influence of time on the change in the resistance of the carbon disk of 

Edison's tasimeter. By T. C. Mendenhall (by invitation of the Academy). 

692. On the results of the incandescent lamp tests at the Paris Exhibition. By G. F, 

Barker. 

693. Note on a special form of secondary battery or electric accumulator. By W. 

Gibbs. 

694. Researches on complex inorganic acids. By W. Gibbs. 

695. Some discoveries that enhance the value of the cotton and orange crops. By 

C. V. Riley (by invitation of the Academy). 

696. The relation of rain areas to areas of low pressure. By E. LoOMis. 

697. Description of an articulate of doubtful relationship from the Tertiary beds of 

Florissant, Colorado. By S. H. Scudder. 

698. Mythology of the Zuni Indians. By F. H. Gushing (by invitation of the Acad- 

emy). 

699. On the polarization of the light of the moon. By A. W. Wright. 

700. On the infra-red portion of the solar spectrum as studied with the bolometer. By 

S. P. Langley., 

701. On the phenomena of metalliferous vein formation at Sulphur Bank, California. 

By Joseph Le Conte. 

702. On a form or standard barometer. By A. W. Wright. 

703. On a marsupial genus &om the Eocene. By E. D. Cope. 
.W4, On a fallacy of induction. By C. S. Peirce. 
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XXXVI.— New York, November 14-17, 1882. 

705. On the mean annual rainfall. By E. Loomis. 

706. On white phosphorus. By Ira Remsen. 

707. On a modified form of solar eye-piece for use of large apertures. By C. A. 

Young. 

708. On Triassic (?) insects from the Rocky Mountains. By S. H. Scudder. 

709. Explanations on presenting a copy of the first ten numbers of the author's celes- 

tial charts. By C. H. F. Peters. 

710. On a method of studying the laws of contrast quantitatively. By O. N. Rood. 

711. On the epstence in both hemispheres of a terrestrial dry zone and its cause. By 

A. GUYOT. 

712. On a graphical method of representing the errors of a screw. By A. M. Mater. 

713. On the general equations of optics as derived from the electro-magnetic theory 

of light. By J. W. Gibbs. 

714. On an improved form of standard Daniell cell. By G. F. Barker. 

715. On complex inorganic acids. By W. Gibbs. 

716. On a sphereometer for measuring the radii of curvature of lenses of any diameter. 

By A. M. Mayer. 

717. On a simple experimental demonstration of Ohm's law. By A, M. Mayer. 

718. Lists of errors in star catalogues. By C. H. F. Peters. 

719. On the heat of the Comstock lode. By G. F. Becker (by invitation of the 

Academy. ) 

720. On the physical and geological character of the sea-bottom off our coast, 

especially beneath the Gulf Stream. By A. E. Verrill. 

721. Co-operation in observing variable stars. By E. C. Pickering. 

722. On the topographical effects of faults and land-slides. By G. F. Becker (by in- 

vitation of the Academy). 

723. On the physical conditions under which coal was formed. By J. S. Newberry. 

724. On the fauna of the Puerco Eocene. By E. D. Cope. 

725. On the total solar eclipse of May 6, 1883. By C, A. Young. 

726. On so-called eruptive serpentines. By T. S. Hunt. 

727. On the place of the Echneididse in the system. By T. Gill. 

728. Remarks on the structure of the present comet. By C. H. F. Peters. 

729. On the effect of magnetism on chemical action. By Ira Remsen. 

730. On a form of kathetometer and comparator. By A. W. Wright. 

731. On the Permian genus Diplocaulus. By E. D. Cope. 

732. On sinapic acid. By Ira Remsen. 

733. On the microscopic structure of some of the Brachiopoda with reference to their 

generic relations. By James Hall. 

734. On the origin of the carbonaceous matter of the bituminous shales. By J. S. New- 

berry. 

735. On the preparation of cyanin from chinoline. By C. F. Chandler. 

736. On the logic of relatives. By C. S. Peirce. 

737. On the determination of the figure of the earth by the variations of gravity. By 

C. S. Peirce. 

738. On Ptolemy's catalogue of stars. By C. S. Peirce. 

739. On the supposed hunian foot-prints recently found in Nevada. By O. C. Marsh. 

740. On the meridian photometer. By E. C. Pickering. 

XXXVII.— Washington, April 17-21, 1883. 

741. On the genesis of metalliferous veins. By Joseph Le Conte. 

742. On the nascent state of oxygen. By Ira Remsen. 

743. On barometric gradients. By Elias Loomis. 
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744. On the stracture of the skull in the Hadroaauridw, By E. D. Cope. 

745. Determination of the inequalities of the moon's motion which are produced hy 

the figure of the earth ; a supplement to Delauney's Theorie du movement de 
la Lune. By G. W. Hill. 

746. On the decay of rocks geologically considered. By T. Sterry Hunt. 

747. On the composition of the venom of serpents. By S. Weir Mitchell and E. T. 

Reichert. 

748. Maxima and minima tide producing machine. By W. Ferrel. (Exhibition of 

machine.) 

749. On changes in the properties of atoms and atomic groups, caused by change in 

position in the molecule. By Ira Remsen. 

750. On the measurement of wave lengths of heat. By S. P. Langle¥. 

751. On the spectrum of an Argand gas-burner. By S. P. Lanqley. 

752. Efficiency of storage batteries. By G. F. Barker. 

753. On the great object glass made by Alvan Clark &, Sons for the Pulkowa Observa- 

tory. By Otto Von Struve. (By invitation of the Academy.) 

754. Photographs of the great comet of 1882. By C. H. F. Peters. 

755. Some experiments upon a method of forming a visible image of the solar corona. 

By A. W. Wright. 

756. On the phosphorescence of sulphate of quinine. By A. W. Wright. 

757. Further generalizations regarding complex inorganic acids. By Wolcott 

GiBBS. 

XXXVIII.— New Haven, Noyembeb 13-16, 1883. 

758. Upon the formation of a deaf variety of the human race. By A. Graham Bell. 

759. On the solar eclipse of May 6, 1883. Reports by C. A. Young, E. S. Holden, and 

C. S. Hastings. 

760. Notes on the mass of Saturn. By A. Hall. 

761. The Animikie rocks of Lake Superior. By T. Sterry Hunt. 

762. On some new primary cleavage forms of albuminous matter. By R. H. Chit- 

tenden (by invitation of the Academy). 

763. On the use of the word ** light" in physics. By S. Newcomb. 

764. On the subsidence of particles in liquids. By W. H. Brewer. 

765. On a new photograph of the solar spectrum. By H. A. Rowland. 

766. On the theory of errors of observation and probable results. By S. Newcomb. 

767. On the stratified drift or terrace formation of the New Haven region, including its 

kettle holes and deserted river channels. By J. D. Dana. 

768. Preliminary notice of phospho- vanadates, arsenio- vanadates, and antimonio-vana. 

dates. By Wolcott Gibbs. 

769. On the probable existence of new acids of phosphorus. By Wolcott Gibbs. 

770. Notes on the mineralogy and lithology of the Bodie mining district of California. 

By B. SiLLIMAN. 

771. On the ancient glaciation of North America. By J. S. Newberry. 

772. Marriage institutions in tribal society. By J. W. Powell. 

773. Atmospheric absorption. By S. P. Langley. 

774. Note upon the physical aspects of the higher members of the Chemung group, and 

the development and distribution of the fossil genera Ptychopteria and Lep- 
todesma, preceded by a review of the PectenidsB and Aviculidse of the 
Devonian system. By James Hall. 

775. Personality in the measures of Venus's diameter as derived during transit across 

the sun. By O. T. Sherman (by invitation of the Academy). 

776. The reduction of barometric observations to sea-level. By Eli as Loomis. 

777. On the affinities of the Dinosaurian reptiles. By O. C. Marsh. 
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REPORT ON METHYLATED SPIRITS, 
[COREESPONDENCE.] 

Yale GoLLEaE, New Haven, Conn., 

September 25, 1882. 
Hon. Gebbn B. Eaum, 

Commissioner of Internal Revenue: 
Sm: I inclose herewith a report made by a committee of the National 
Academy of Sciences, in response to your commanication of April 12, 
1882, requesting an investigation of the question whether methyl or 
wood spirits may be entirely or approximately separated from ethyl al- 
cohol or spirits of wine. 

Yours respectfully, 

O. C. MAESH, 

Acting President of the National Academy of Sciences. 



Prof. O. 0. Mabsh, 

Acting President of the National Academy of Sciences : 

Sib : The following letter was received by the late Prof. W. B. Eog- 
ers, president of the National Academy of Sciences, from the Commis- 
sioner of Internal Eevenue, General Green B. Eaum : 

Treasury Department, 

Office of Internal Revenue, 

Washington, April 12, 1882. 

Sir : There is now pending before Congress a biU (H. R. 5082) '* to authorize the 
withdrawal from distillery warehouse, without tax, of alcohol and other spirits to 
be used in industrial pursuits,'' which bill provides that ^' such spirits shall either 
first have been mixed with ooe-ninth of their bulk of methyl or wood alcohol, of 
equal proof strength, or that such spirits shall be withdrawn for use in tobacco fac- 
tories, or such other industrial pursuits as shall entail their complete destruction so 
that they cannot be recovered by any process of distillation." 

It is th6rdfore deemed important to the interests of the revenue that a careful 
and thorough investigation be made, having for its object the determination of the 
fact whether the methyl or wood spirits may be, entirely or approximately, separated 
by distillation, or in any other economical manner, from the ethyl alcohol or spiriti 
of wine upon which the tax is imposed. 

In other words, the information sought is as to whether the science of chemistry 
now enables the possessor of the methylated spirits to separate the ethyl alcohol from 
such mixture in such a state of purity and at such a probable cost as might enable 
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the holder to sell it in the market at a less price than those persons who withdraw 
spirits from bond upon the payment of the tax at the rate of 90 cents per proof gallon. 

I have therefore respectfully to request that a committee of the National Academy 
of Sciences be appointed to undertake this investigation , and to inform this office of 
the result at the earliest moment practicable. 

I desire particularly to be advised as to the relative vaporizing point of purified 
wood-naphtha as compared with distilled spirits of the same specific gravity, and such 
other information on the subject as may assist this office in reaching a conclusion as 
to whether the bill referred to would be liable to abuse if it should become a law. 

I have to ask if it is the pleasure of the academy to undertake this investigation, 
and if so, to be informed as to the nature and quantity of alcohol, wood-naphtha, and 
other materials which will be needed in the prosecution of this inquiry. 
Very respectfully, 

GREEN B. RAUM, 

Cammisaioner, 

Prof. W. B. Rogers, 

President National Academy of Sciences, 

117 Marlboro Street, Boston, Mass. 

In accordance with the above request, President Rogers appointed 
the undersigned committee. This committee having attended to the 
duty assigned to it, has the honor to present the following report : 

The questions involved have several times been the subject of investi- 
gations. In England and Germany thorough investigations have been 
made. A law similar to the one proposed in the bill now pending be- 
fore Congress has long been operative in England, and practically the 
same law has existed for a few years in Germany. Before the enact- 
ment of the law in England, the subject was thoroughly investigated 
by a committee consisting of Professors Graham, Hofmann, and Red- 
wood. In their report to the chairman of inland revenue, dated July 
24, 1854 (Journal of Chemical Society, vol. viii, p. 120), they took the 
ground that no economical method for separating wood spirits from 
ethyl alcohol was then known, and that the presence of the former even 
in very small quantity rendered the alcohol impalatable. The following 
recapitulation of their report will sufl&ce: 

It has appeared that means exist hy which spirits of wiue produced in the usual 
way may he rendered unfit for human consumption as a heverage without materially 
impairing it for the greater numher of more valuable purposes in the arts to which 
spirit is usually applied. To spirit of wine of not less strength than corresponds to 
density 0.830, it is proposed to make an addition of 10 per cent, of purified wood- 
naphtha, otherwise known as wood-spirit, pyroxylic and methyl ic spirit, and to isBue 
the mixed spirit for consumption, duty free, under the name of "methylated spirit.'' 
It has been shown that methylated spirit resists any process for its purification, the 
removal of the substance added to the spirit of wine being not only difficult, but to 
all appearance impossible ; and, further, that no danger is to be apprehended of the 
methylated spirit being ever compounded so as to make it palatable. The privilege 
of using such mixed spirit should be open to all branches of the arts and manufact- 
ures without restriction; but it may be expedient to prevent the sale of methylated 
spirit in licensed public houses, or the preparation and sale of it by the licensed recti- 
fiers of spirits. The wood-naphtha employed in mixing should be supplied by the 
inland revenue, in order to insure uniformity in its quality, and that substance be 
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mixed with the spirit at the distillery under Government inspection. The permission 
to use pure spirit of wine for any purpose of manufacture, under a bond of security, 
or iu presence of a revepue oflBcer, may reasonably be withheld till the methylated 
spirit now proposed has had a fair trial. It may be found safe to reduce eventually 
the proportion of the mixing ingredient to 5 per cent., or even a smaller proportion, 
although it is recommended to begin with the larger proportion of 10 per cent. The 
present supply of wood-naphtha is amply sufficient for the application contemplated 
of that substance, for mixing with the spirits used in the arts and manufactures of 
the country. The command of alcohol at a low price is sure to suggest a multitude 
of improved processes and of novel applications, which can be scarcely anticipated 
at the present moment. It will be felt far beyond the limited range of the trades 
now more immediately concerned in the consumption of spirits ; like the repeal of the 
duty on salt, it will at once most vitally affect the chemical arts, and cannot fail ulti- 
mately to exert a beneficial influence upon many branches of industry. The same 
measure also practically removes one of the last anomalies in the duties imposed for 
revenue; alcohol having, as a raw material of manufacture, a claim to exemption 
from duty according to sound principles of taxation. 

In some remarks, made in a supplementary report (January 8, 1855), 
they refer particularly to the possible use of the methylated spirit as a 
beverage, thus : 

On a review of the subject, and after farther inquiries among manufacturers and 
others, we doubt whether it would be prudent to permit, at first, the retail sale of the 
methylated spirit. It has been represented to us that the unrestricted sale of the 
spirit would cause it to get into the hands of individuals of perverted tastes, who, in 
extreme cases, may use it for producing intoxication. Although we are satisfied that 
such a misapplication of the methylated spirit could only occur in some isolated in- 
stances among persons of confirmed habits of intemperance, yet it may be feared that 
even such cases would cause a public on tcry against the measure before it had received 
a fair trial. We would, therefore, recommend that the methylated spirit should be 
Issued, by agents duly authorized by the board of Inland revenue, to none but man- 
ufacturers, who should themselves consume it, and that application should always be 
made for it according to a recognized form, in which, besides the quantity wanted, 
the applicant should state the use to which it is to be applied, and undertake that it 
should be applied to that purpose only. 

The manufacturer might be permitted to retail varnishes and other products con- 
taining the methylated spirit, but not the methylated spirit itself in an unaltered 
state. 

In Germany the subject under consideration has also been fully 
investigated by Kraemer, Gerick, Dietze, and others. The results 
obtained by the three chemists named are summarized in Wagner's 
" Jahresbisricht der chemishcher Technologic," 1878, p. 9G9. Kraemer 
recommends the use of the most impure varieties of wood spirit for 
mixing with ordinary alcohol. He selects for the purpose the first and 
last very impure products obtained in the distillation of crude wood 
spirit. These materials, he claims, render alcohol impalatable even to 
those with perverted tastes. It is further stated that the experience of 
years in countries in which wood-spirit is mixed with alcohol shows 
that there is little, if any, danger that the methylated i^pirit can be used 
as a beverage. The English chemists, on the other hand, recommended 
the use of purified wood-naphtha on the ground that it is just as difficult 
to separate this from alcohol as it is to separate the crude wood- 
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naphtha, and that the latter renders the alcohol unfit for use in some 
of the arts. 

As it is desirable that the nature of the substances to which refer- 
ence is lepeatedly made in this report should be clearly understood, 
the following statements in regard to them will be of service : 

As is well known, the names alcohol^ ethyl alcohol, ordinary alcohol, 
spirits of wine, are given to the same substance. This substance as 
ordinarily met with in the market consists of varying proportions of 
ethyl alcohol and water. It is never met with entirely free from water. 
In the pure state ethyl alcohol has the spe cific gravity 0.80207 com- 
pared with water at 4^ 0. Its boiling point is 78° .3 C. The alcohol 
received from the Commissioner, and which was used in the experiments 
described below, has the specific gravity 0.8144 at 20^.7 0. 

Pure methyl alcohol, or wood-spirit, has practically no taste and no 
odor. It is not readily obtained aiid is hence expensive. It has the 
specific gravity 0.7896 at 24°. 5 0., and boils at ! 

Crude wood-naphtha, or wood-spirit, obtained by distilling wood, re- 
moving the pyroligneous acid from the product, and then redistilling, 
is a complicated mixture of substances. The principal constituent is 
usually methyl alcohol. Besides this there are usually present acetone 
and oily substances, some of which have strong and disagreeable odors. 
The bad odor of wood-spirit is due to these impurities and is not a prop- 
erty ot the principal constituent — methyl alcohol. The proportions of 
the various substances contained in crude wood-naphtha vary accord- 
ing to the conditions surrounding the process of manufacture. As re- 
gards the specific gravities and boiling points of the different sub- 
stances known as crude wood-naphtha very little of value can be said. 

Purified ov refined wood-naphtha or wood-spirit is the name given to 
the wood-spirit obtained as above described, and then subjected to 
certain processes which remove some of the impurities. The extent of 
the purification varies according to circumstances, so that the products 
known as refined wood-naphtha vary very much in their composition 
and properties. In our experiments we have had to deal with three 
different varieties of refined wood-naphtha. The differences between 
these were quite marked, as shown in the odors, boiling points, and 
specific gravities. The boiling point of one specimen was compara- 
tively low in consequence of the presence of a considerable quantity of 
acetone. It began to boil at 58^, at which point the principal quantity 
of the acetone passed over. The boiling point then rose rapidly to that 
of methyl alcohol, and after the greater part of this had passed over, 
the boiling point rose still higher, but did not remain constant, a fact 
indicating that what was left in the distilling flask, after the acetone 
and methyl alcqhol had distilled over, was a mixture of^ several sub- 
stances. This is, in general, the conduct of all the specimens of refined 
wood-naphtha examined, though, as already stated, the proportions of 
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the constitaentA are not in each case the same. The specific gravities 
of the specimens examined are : 

Wood-spirit No. 1, 0.8149 at 30o.8 0. 

Woodspirit No. 2, 0.8186 at 20o.3 0. 

Wood-spirit No. 3, 0.8374 at 24^.6 0. 

The oily substances which give to wood-naphtha its odor cannot read- 
ily be removed completely, though they are removed partially by simple 
distillation. 

Although the elaborate experiments of Graham, Hofmann, and Bed- 
wood, and of Kraemer, and Gericke, seem to show conclusively that alco- 
hol to which wood-naphtha has been added cannot be again obtained 
iiv pure condition, the conclusion can hardly be regarded as final. The 
methods of distillation generally in use in chemical laboratories, and 
which were probably used in the experiments of the above-named chem- 
ists, are much less perfect than that which is used in the distillation of 
alcohol on the large scale. The "column-still," which the distillers 
use, is a much more efficient apparatus than those smaller forms of dis- 
tilling apparatus which are in common use in chemical laboratories. 
Eecently, however, some new forms of laboratory apparatus for dis- 
tilling have come into use, and these approach more nearly in efficiency 
to the column-still. Among these, one of the best is that known as 
HempePs tube. This consists of a glass tube about 1^ inches in diam- 
eter, and 3 feet long, filled with glass beads. The tube is inserted in 
the cork of the distilling flask, and the vapor of the distilled substance 
is caused to pass through the tube before it reaches the condenser. By 
this means some separations can be easily effected, which, without it 
are impossible in the laboratory. It was thought that this refined ap- 
paratus might accomplish the separation of wood-naphtha from alcohol 
— at all events, much more perfectly than the older forms of apparatus 
which have been used in earlier investigations. 

Mixtures were made of alcohol and the three varieties of refined 
wood-naphtha above referred to, in the proportions prescribed by the 
bill. Bach of the mixtures was then distilled with every precaution. 
A partial separation was effected, but the odor of the wood-naphtha was 
clearly recognizable in the best products obtained from these mixtures. 
The experiments were repeated a number of times, but we were unable 
to obtain even a small quantity of a product which did not unmistak- 
ably have the characteristic odor of the wood-naphtha. It appears from 
this that distillation alone, even with the most perfect instruments at 
the command of the chemist, cannot separate the wood-naphtha from 
ethyl alcohol so perfectly as to render the latter fit for use as a beverage. 

The effect of bone-black was next tried. For this purpose freshly 
heated bone-black was used. The mixtures of alcohol with different 
kinds of wood-naphtha were allowed to stand for a length of time, vary- 
ing in different cases from a few hours to a week. The mixtures experi- 
mented upon were also filtered through freshly-heated bone black. 
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While this treatment alone markedly improved the character of the 
alcohol, a strong odor was still left. The mixtures were then further 
distilled with the aid of the Hempel tube, and were further improved 5 
but the best products obtained by this double treatment still had the 
odor of the wood-naphtha, though this odor wa« very much less marked 
than in the original mixtures. 

Treatment with bone-black, together with distillation, is hence not 
sufficient to render the alcohol palatable; though this treatment im- 
proves it very much indeed. 

The experiments which gave the best results consisted in treating the 
mixtures for some time with bone-black, and then distilling with the 
aid of the Hempel tube, and introducing into the alcohol before distil- 
lation a Ismail quantity of caustic potash. In detail, we operated as 
follows : 

The freshly-heated bone-black was put into the vessel containing the 
mixed alcohol, and the whole allowed to stand for about a day. The alco- 
hol was then filtered from the bone-black, and a small quantity of caustic 
potash added. Then the liquid containing the alkali was distilled. The 
first product that came over boiled at a temperature below that of ethyl 
alcohol ; this had a bad odor. Soon after the boiling point reached 78^ 
(the boiling point of ethyl alcohol) the product which came over was 
nearly free from the disagreeable odor of wood-naphtha. By far the 
largest quantity of the product obtained in this distillation had very 
little odor. The last portion which came over had a disagreeable odor, 
but this was not much worse than that observed after distilling com- 
mercial alcohol of good quality. 

It is unnecessary to describe, in detail, all the experiments we have 
performed. The final conclusion to which we are led is this: That by 
treating the mixtures of ethyl alcohol and wood-spirits (in the proportion 
proposed in the bill now before Congress) with bone-black, filtering, 
adding a caustic alkali — as, for example, caustic potash — and then dis- 
tilling with the aid of the Hempel tube, the principal product obtained 
is nearly free from methyl alcohol, and that the odor and taste of this 
product are not very marked. At the same time, even in the best pro- 
duct thus obtained, the odor and taste characteristic of wood-naphtha 
can be detected, though only with difficulty, by those who are unskilled 
in such matters. We believe that the method employed by us which 
gave the best product could be applied economically on the large scale, 
and a product fully as good as our best, if not better than it, might 
thus be obtained. 

As regards the question whether the product obtained could be used 
'for drinking purposes, that is difficult for the committee to answer satis- 
factorily. We have submitted our best specimens to some well-known 
dealers in alcohol and alcoholic beverages, and we learn that the puri- 
fied product might easily be used in the manufacture of low-grade whis- 
kies and rum, though all the gentlemen whom we have consulted on this 
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point have unhesitatingly recognized the presence of the wood-naphtha 
in the best specimens. 

It would appear from this that, while, after the addition of the wood- 
naphtha to alcohol, it is extremely difficult, if not impossible, to sepa- 
rate the two perfectly and thus to regenerate the pure alcohol, it is quite 
possible to get from the mixture a product which might be used in the 
manufacture of alcoholic beverages of lower order. 

It is plain from the foregoing that, considering our experiments as 
final, it is impossible to purify the mixture containing wood-naphtha, to 
a sufficient extent to make it palatable without the aid of distillation. 
Hence, apparently, it would be as difficult to carry on the process of 
purification on the large scale as to carry on the illegitimate manufact- 
ure of alcohol. This fact, in itself, might be a sufficient protection against 
fraud, though the committee does not feel competent to express a de- 
cided opinion on this point. 

IRA REM8EN, 

0. F. CHANDLER, 

G. F. BARKER, 

Committee. 
Baltimore, September 18, 1882. 
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bepobt on gl ucose. 
correspondence. 

Yale College, New Haven, Conn., 

January 7, 1884. 
Sir : I have the honor to transmit to you herewith a report on glu- 
cose, made by a committee of the National Academy of Sciences, in 
response to a request of your predecessor, Hon. G. B. Eaum, dated 
April 27, 1882. • 

Very truly, yours, 

O. C. MARSH, 

President of the National Academy of Sciences. 

Hon Walter Evans, 

Commissioner of Internal Revenue. 

Professor O. C. Marsh, 

President National Academy of Sciences : 

Sir: I have the honor to transmit to you herewith the report of the 

committee of the Academy, appointed to investigate the '' composition, 

nature, and properties of the article commercially known as glucose, or 

grape sugar." 

With high respect, I remain your obedient servant, 

GEORGE F. BARKER, 

Chairman. 
Philadelphia, January, 5, 1884. 



table of contents. 

Page. 

I. Gexerax Introduction 66 

II. The Starch Sugar Industry ,. 68 

1. Historical 68 

2. The manufacture of starch sugar 69 

3. Magnitude of the industry 73 

4. Uses of starch sugar 76 

III. On the Nature of the Commercial Products 77 

1. Variety of sugar 77 

2. Organic constituents 78 

3. Inorganic constituents 81 

IV. Is the Use of " Glucose," or *' Grape Sugar," Injurious to Health ?. a^ 

V. Summary and Conclusion '^s^ 

8. Mis. 85' 5 



66 REPORT NATIONAL ACADEMY OF .SCIENCES. 

APPENDICES. 

Page. 

Appendix 1. — Circular and questions sent out by the committee 88 

2. — The glucose and starch-sugar factories of the United States, with 
a list of those mauufactnrers who replied to the above cir- 
cular 89 

3. — Examination of commercial sugars with reference to their adul- 
teration with starch sugar 91 

A. — Analyses of sugars purchased in open market 91 

B. — Abstracts of Board of Health reports 93 

4.— Extracts from Journal Literature 94 

5. — Bibliography 107 

6.— Patents 136 



R P: I> O R T . 
I.~GENERAL INTRODUCTION. 

The present committee was appointed in accordance with a request 
contained in the following letter froip the Hon. Green B. Baam, Com- 
missioner of Internal Bevenue of the United States : 

Treasury Department, 
Office of Internal Revenue, 

Washington, April 27, 1882. 
Sir : There is now pending before Congress a bill (H. R.3170) " to tax and regulate 
the manufacture and sale of glucose,'' which bill proposes to so amend the internal- 
revenue laws as to impose a special tax upon«the manufacturers of, and dealers in, 
glucose, and to levy a tax on the article in its solid, liquid, and semi-liquid form. 

In view of this, I have respectfully to request the appointment of a committee of 
the Academy to examine as to the composition, nature, and properties of the article 
commercially known as glucose, or grape sugar. 

This office desires to be informed as to the saccharine quality of this product as com* 
X)ared with cane sugar or molasses, and also especially as to its deleterious effects 
when used as an article of food or drink or as a couHtituent element of such articles. 

Numerous specimens of the article in question are in the possession of this office, 
which will be placed at the disposal of the Academy. 

Any expense necessarily incurred in conducting this inquiry will be paid upon the 
presentation of a properly prepared bill for that purpose. 
Very respectfully, 

GREEN B. RAUM, 

Commissioner, 
Prof. W. B. Rogers, 

President National Academy of Sciences, 

117 Marlboro* Street, Boston, Mass, 

The lamented death of President Bogers, to whom this letter was ad- 
dressed, occasioned some delay 5 so that the committee asked for, which 
was appointed by Professor Marsh , the acting president of the Academy, 
was not finally named until the 10th of June, 1882. 

The meeting of the committee for organization was held in the city of 
'New York on the 6th of July, 1882. After a full discussion of the ques- 
tions submitted to the committee in the letter of Commissioner Baam, 
It was decided : 1st, to have a complete bibl\og.ra^hy prepared of the 
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literature of starch sugar;* 2(1, to have the addresses of the starch- 
sugar factories in the United States obtained and the statistics of the 
manufacture collected; and, 3d, to have liberal samples of the various 
products procured, in order that their analysis might be complete and 
exhaustive. 

To facilitate the latter part of the work a printed circular was pre- 
pared by the committee and mailed to twenty-four starch-sugar manu- 
facturers, being all who were known at that time to the committee. A 
copy of this circular, including the inquiries contained in it, is appended 
to this report (Appendix 1). A complete list of the starch-sugar fac- 
tories of the United States is also appended (Appendix 2). Those to 
whom the circular was sent are marked on this list with a star, the 
names of those parties from whom replies were received being given in 
a separate list immediately following. It will be observed that eighteen 
of these twenty-four factories responded to the circular. The replies to 
the questions were full and courteous, and every facility was offered to 
the committee for the furtherance of its investigations. 

At an early meeting the chemical investigation, including the analy- 
sis of samples, was assigned to Professors Gibbs, Chandler, and Eem- 
sen, it being understood that the two first named should consider es- 
pecially the inorganic constituents and impurities found in commercial 
starch-sugar, and the latterthe organic substances present in it, together 
with the experiments on its physiological action and that of its fermen- 
tation products. The preparation of the bibliography of the literature of 
starch sugar and the statistics of the starch-sugar industry was referred 
to Professor Chandler. 

It soon became evident to the committee that the subject which it 
had in hand was too extended to be satisfactorily investigated within 
the time allotted. A letter was therefore addressed to Commissioner 
Kaum stating the facts and asking whether it was essential that the 
report of the committee should be presented to the Congress then in 
session. In his reply the Commissioner stated that he was satisfied that 
no legislation could be had upon the subject of glucose during that 
Congress ; and therefore suggested that the committee take all the time 
for the investigation which they required. 

Thereupon a somewhat more extended plan of operations was deter- 
mined on. With the view of actually witnessing the manufacture of 
glucose and grape sugar, and of familiarizing themselves with the de- 
tails of this manufacture upon a commercial scale, the members of the 
committee, upon invitation of Mr. Hiram Duryea, visited the extensive 
works of the Glen Cove Manufacturing Company, at Glen Cove, Long 
Island, N. Y. These works were in full operation at the time, and every 
facility was afforded the committee in its investigation of the various 
processes and in the procuring of samples. The committee also visited 

* In commerce the term " glucose" is used to signify the liquid product, and "grape 
sugar" the solid product ; the term " starch sugar" in ttAa x«^oT\.\xv<:JeQL^^^\i^X>a.\«t\sB.^ 
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the works of the Manhattan Sugar Company, in New York City ; but at 
the time of the visit these works were not in operation. Since the dis- 
tance of the starchsagar factories of the West rendered a personal in- 
spection of these factories impracticable the committee selected Louis 
H. Laudy, Ph. D., of Columbia College, and commissioned him to make 
the tour of examination for them and to collect information and procure 
samples. This service he performed to the entire satisfaction of the 
committee. He went first to Buffalo, N. Y., where he visited the works 
of the Buffalo Grape Sugar Company, of the American Grape Sugar 
Company, and of the Firmenich Sugar Eefining Company. He then 
proceeded to Chicago and visited the works of the Chicago Sugar Be- 
finiug Company. On his return he stopped at Detroit and examined the 
works of the Michigan Grape Sugar Company. At all these factories he 
was cordially received and every opportunity was afforded him for wit- 
nessing the processes employed and for collecting samples of the pro- 
ducts. In some cases the details of certain of the processes used were 
given to Dr. Laudy in confidence for the sole use of the committee. 
With these exceptions the information thus obtained has been used in 
drawing up the present report. The samples collected were distributed 
to the members of the committee for examination and report. 

The chemical and physiological investigations went on uninterruptedly 
during the spring and summer months of 1883. The character of these 
investigations, including the methods which were employed and the re- 
sults which were obtained, is given in the following pages : 

n.— THE STARCH-SUGAR INDUSTRY. 
1. — HiSTOEICAL. 

The starch sugar of commerce consists chiefly of dextrose with vary- 
ing quantities of another kind of sugar called maltose, and often more 
or less dextrin or starch gum. 

Dextrose was first recognized as a peculiar variety of sugar, differing 
from cane sugar or saccharose, by Lowitz, in 1793, who prepared it from 
honey. 

In 1811 Kirchhoff prepared it from starch by the action of dilute sul- 
phuric acid. 

In 1819 Braconnot prepared it from vegetable fiber or cellulose, such 
as linen rags, sawdust, etc., by the action of sulphuric acid. 

It is generally known in chemical works as dextrose, or dextro-glu- 
cose, but is also called glucose, glycose, grape sugar, starch sugar, po- 
tato sugar, &c. 

It occurs ready formed in honey, associated with cane sugar and 
levulose or levo glucose 5 in most acid fruits, as the grape, &c., asso- 
ciated with levulose ; in the manna of the ash tree, in diabetic urine, 
etc. 

It is produced from cane sugar together with levulose, by the action 
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of acids, yeast, etc., the mixed glucoses being called inverted or fruit 
sugar. 

It is produced from starch by the action of dilute acids. It is also 
produced from vegetable fiber or cellulose by the action of sulphuric 
acid and also by a natural process during the ripening of some fruits, 
especially pears. 

Dextrin and other carbohydrates also yield it by the action of acids. 
There is also a large class of organic bodies, which occur chiefly in 
plants, called glucosides, which yield glucose, together with other 
products, by the action of dilute acids or of peculiar ferments. Ex- 
amples of this class are found in the amygdalin of bitter almonds, the 
salicin of willow bark, the myronic acid of mustard seed, the solanin of 
potato shoots, &c. 

In 1847 Dubrunfaut pointefl out the fact that the sugar produced from 
starch by the action of barley malt differed in some respects from dex- 
trose, and proposed for it the name maltose. 

O'Sullivan has shown that no dextrose is produced by malt, but that 
the product consists entirely of maltose and dextrin. 

Maltose has since been found to be a constituent of most starch sugar. 
It often exceeds in quantity the dextrose, especially when the acid em- 
ployed in the conversion has been very dilute, and the boiling con- 
tinued for but a short time. Long boiling converts the maltose into 
dextrose. 

2. — The Manufacture of Starch Sugar. 

In France and Germany potato starch constitutes the only available 
material for the manufacture of this sugar, but in the United States 
the starch of Indian corn or maize is invariably employed. 

The process consists, first, in extracting the starch from the corn in 
a state of sufficient purity, then transforming this into sugar by treat- 
ment with dilute acid, and subsequently neutralizing the acid, purify- 
ing, and then concentrating the product. 

The details of the various steps differ in different establishments, but 
the general character of the process is the same as when first proposed 
in 1811 by Kirchhoff. 

A.—Extractixg the Starch. 

1. Steeping. — The corn is placed in large wooden vats or tanks, hold- 
ing from 500 to 1,000 bushels. It is covered with hot water, having a 
temperature of about 160^ F. in summer, and 185° in winter. The corn 
immediately reduces the temperature of the water to about 140^ or 
1450 F. Every six hours the water is drawn off and replaced with 
fresh water at about 130^ or 135^ F. If signs of fermentation appear 
the water is changed oftener; the object being to soften the corn, with- 
out permitting it to become sour. From two to four days steeping are 
required, the time depending on the hardness of the corn. Some ix!l'aan».- 
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facturers add to the water a little salpburic acid, sulphurous acid, or^ 
caustic soda. 

2. Grinding. — The softened corn is next ground between burr stones, 
a stream of water running continuously into the eve of the mill. As 
it is ground the thin paste is carried by the stream of water upon the 
shakers or sieves. Some manufacturers pass the paste through a second 
mill before it is sent to the shakers; others send it from the first mill 
to the shaker, and submit the husks to a second mill, employing a 
second shaker. 

3. Separation of the starch. — The paste or pulp from the mill is passed 
over shakers, or starch separators. These are inclined sieves of silk 
boltiug cloth, which are kept in constant motion, and sprayed with jets 
of water. The starch passes through the bolting cloth with the water, 
as a milky fluid, while the coarser cellular tissue or husk of the com is 
left behind. This residue is pressed to remove water, and sold as cattle 
food. 

4. Cleansing the starch. — The water from the shakers holding the starch 
in suspension is run either directly upon the tables or into wooden vats 
where the starch settles and the water is drawn off and discarded. The 
starch is next thoroughly agitated with fresh water, to which a small 
quantity of caustic soda, or carbonate of soda, has been added. The 
object in adding the alkali is to dissolve and remove the gluten and 
other albuminoids, oil, &c. 

5. Collecting the starch. — The mixture of starch and alkaline water is 
allowed to flow upon long wooden runs, or tables, which are from 1 to 2 
feet wide and 125 feet long. Twenty-five or fifty of these runs are re- 
quired for the treatment of 1,000 bushels of corn daily. These runs 
have a slight incline, and as the cream flows slowly upon the upper end 
the starch is deposited, while the alkali wash, bearing lighter particles 
of cellular tissue, gluten, etc., flows off from the lower end. Some man- 
ufacturers prefer to treat the starch with alkali after it has been col- 
lected on the runs; while others treat it with alkali both before and 
after it goes on the runs. 

6. Washing the starch. — The starch is next shoveled up from the runs 
and mixed with water, and then again allowed to settle. The water is 
drawn off, and the washing repeated, sometimes with a slight addition 
of hydrochloric acid ; finally the thoroughly purified starch is mixed 
with the proper amount of water for the converter. The yield varies 
with the quality of the corn ; a fair average would be, per bushel : 

Poands. 

Starch 30 

Cattle food 14 

Waste 12 

Total 56 
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B. — Transforming the Starch into Sugar. 

7. Conversiofij as it is termed^ is accomplished in either open or 
closed converters; and in some establishments the process is partially 
executed in open and finished in closed converters. 

The open converters are wooden vats, generally of 3,000 or 4,000 gal- 
lons capacity, sufficient for the treatment of the starch from 1,000 bush- 
els of com. They are provided with banks of copper steam-coils, 
either closed or perforated. The closed converters are generally of 
copper. They are provided with safety-valves, and are made of suffi- 
cieat strength to withstand with safety a pressure of six atmospheres. 

Sulphuric acid is generally employed in the conversion, though other 
acids have been used. The quantity of acid employed varies with the 
object of the manufacturer ; for the production of " glucose,'' a liquid 
product, which contains much dextrin, a smaller quantity is used than 
when solid ''grape sugar" is to be produced, in which the conversion 
into dextrose is much more complete. The proportion varies from one- 
half pound oil of vitriol to one and a quarter pounds per 100 pounds 
of starch. 

When the open converter is used a few inches of water is introduced 
and the acid added, or half the acid may be added to the starch mix- 
ture. The acid water is brought to a boil, and the starch, previously 
mixed with waterto a gravity of from 18° to 21^ Baum6, is slowly pumped 
in, keei)ing the liquid constantly boiling. When the starch has been all 
introduced the whole is boiled until the iodine test ceases to give a blue 
and shows a dark cherry, or better an orange, color. The boiling is 
usually continued for irom two to four hours. 

When the closed converter is used the starch is mixed with water to a 
gravity of from 11^ to 16° Baume. This with the acid is introduced into 
the converter, and the whole is heated under a pressure of from 25 to 
75 pounds per square inch. The time required for the conversion is 
much shorter than in the open converters. 

The use of open and closed converters successively is often resorted 
to. The starch and water of a gravity of 15^ or 16° Baum6 is first 
boiled in the open converter for from one to two hours, then transferred 
to the closed converter and boiled under a pressure of from 25 to 76 
pounds per square inch. The time of this boiling varies from ten min- 
utes to half an hour. 

The use of other acids. — C. Kroetke, in 1871, introduced in Germany 
the use of nitric acid in conjunction with sulphuric acid, in the propor- 
tion of two ounces of nitric acid to every pound of sulphuric acid. 

Phosphoric acid has been patented as a substitute for sulphuric acid. 

In 1858 R. Wagner suggested the use of oxalic acid in place of sul- 
phuric acid. 

E. Delarue & Co., of Paris, patented the use of oxalic or tartaric acid 
in 1879. Finally Bachet and Savalle state that under a pressure of 
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eight atmospheres carbonic acid readily converts starch into dex- 
trose.* 

8. Neutralization. — ^When the starch has been sufficiently converted 
for the desired product, the liquor is run into the neutralizing vats. 
Here a sufficient quantity of marble dust is added to completely neutral- 
ize the sulphuric acid, converting it into sulphate of lime. In some 
cases the neutralization is completed with whiting.. A little fine bone- 
black is generally added just before and just after neutralizing. It is 
then allowed to cool and to deposit the sulphate of lime. A small por- 
tion of this sulphate of lime is retained in solution, and although most 
of this will be removed by the subsequent filtration through bone-black, 
a minute quantity is always found in the finished product. Kunheim 
& Co., in Berlin, propose to remove this by a small addition of oxalate 
of or phosphate baryta. 

9. Bag filtration. — The liquor, having a gravity of 12° to 20^ Baum6 
(light liquor), is next filtered through bag filters of cotton cloth or filter 
presses, or both. 

10. Treatment with sulphurous acid gas. — In many establishments this 
is resorted to at this point in the process to prevent fermentation, and 
probably to some extent as a bleaching agent. 

11. Bone hlack filtration. — The liquor is now passed through bone- 
black filters, by which it is decolorized and at the same time freed from 
various other soluble impurities. 

12. Concentration is effected in the vacuum pan at a temperature of 
from 130O to 140° F. until it has a gravity of from 28o to ^^ Baum^. 
This is called heavy liquor. 

13. Second hag filtration. — During the concentration a certain quan- 
tity of sulphate of lime separates, and it is found advisable to remove it 
when the liquor reaches the gravity of 28^ or 33^ Baum^. It is, there- 
fore, filtered through the bag filter or filter press. 

14. A second treatment with sulphurous acid is resorted to in some 
factories, the acid being added in the vacuum pan or to the liquor as it 
comes from the bag filte s. 

15. Second bone-black filtration. — The heavy liquor is now filtered a 
second time through animal charcoal to secure a further decolorization« 
and purification. 

16. The final concentration is accomplished by boiling the liquor in 
the vacuum pan till it exhibits a gravity of from 40^ to 42^ Baum6 
while hot. It is then let down from the pan and subjected to — 

17. A third filtration through a filter ijress to remove the sulphate of 
lime which separates during the final concentration. 

In some establishments the liquor is passed but onceover bone-black; 
in fact all of the steps which have been mentioned are followed only by 
those manufacturers who desire to produce the best products. 

, - - - . ■ - _ — . — ^ — .^ — _ — ■ • ' 

* The committee does not feel at liberty to publish the peculiar processes employed 
by the different factories, as these were communicated in confidence. 
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18. Final treatment — The resulting product will vary in character 
according to the amount of acid used and the duration and temperature 
of the conversion. The variety in which the conversion has been least 
complete is called " glucose ^ in the trade and remains liquid. That in 
which the conver-sion is more complete, and which solidifies in the pack- 
ages in consequence, is called *' grape sugar." 

An ingenious process has been invented by Dr. Arno Behr for caus- 
ing the grape sugar to crystallize. While it is still liquid there is added 
to it a very small quantity of crystallized anhydrous dextrose. The 
mixture is filled into molds, and in about three days it is found to be a 
solid mass of crystals of anhydrous dextrose. The blocks are then placed 
in a centrifugal machine to throw out the still liquid sii'up, and the 
anhydrous dextrose remains asa cr ystalline mass. 

Starch sugar appears in commerce in a great variety of grades un- 
der the following names : 

(a.) The liquid varieties — 

Glucose. 

Mixing glucose. 

Mixing sirup. 

Corn sirup. 

Jelly glucose. 

Confectioners' crystal glucose, 
(ft.) The solid varieties — 

Solid grape sugar. 

Clipped grape sugar. 

Granulated grape sugar. 

Powdered grape sugar. 

Confectioners' sugar. 

Brewers' grape sugar. 
One establishment puts upon the market two varieties of starch sugar 
under the names — 

1. Maltose, or maltose sirup for brewers, 

2. Maize sugar or sirup, for confectioners, 

and claims that they do not contain grape sugar (dextrose) but con- 
sist essentially of maltose. 

The committee visited the factory, but it was not in operation, nor 
were the proprietors disposed to inform the committee of the nature of 
their processes, which they deemed it important to hold secret. They 
kindly supplied samples, however, and these are included in the list of 
analyses. 

3. — Magnitude of this industry. 

The manufacture of starch sugar came into existence during the con- 
tinental blockade which prevailed under Napoleon I. With the raising 
of this blockade the industry practically disappeared, as starch sugar 
could not compete with the colonial sugar of the cane. 
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The industry gradaally revived, however, and finally acquired very 
considerable importance. 

Although the committee has been able to secure a very complete list 
of all the starch sugar factories in the country, it has been found prac- 
tically impossible to present any very clear idea of the magnitude of the 
business. This is due to the great irregularity of the working of these 
factories. When com is low in price, and cane sugar, molasses, and 
barley high, all the establishments referred to are in full operation and 
the production of starch sugar is proportionally lar^re. When the op- 
posite conditions prevail, as they do at the present time, the starch sugar 
works are closed. Thirty -two factories exist in the United States, 
with a capacity ranging from 500 to 8,000 bushels of corn a day, most 
of them using about 2,000 bushels. The committee believes that it is 
safer to estimate an average capacity of 1,500 bushels ; which would 
.make the total capacity 43,000 bushels per day. 

The Census Bulletin No. 304 gives seven glucose factories, with a 
capital of $2,255,000, and a gross value of products of $4,551,212. 

Payen, in the third edition of his Chimie Industrielle, published in 
1855, places the French production of potato starch sugar at 5,000,000 
kilograms or 5,500. tons per annum. 

The manufacture of starch sugar from potatoes is an old manufacture 
in Germany, and very comi)lete statistics showing its extent have been 
published from time to time. Wagner, in the second edition of his 
Chemische Technologic, states that there were in 1874 sixty glucose fac- 
tories in the German Empire, with an annual production of 360,000 
centners (19,800 tons) sirup and 500,000 centners (27,500 tons) solid sugar. 
Post, in his Chemische Technologic, places the production during the 
fiscal year 1877-'78 of the 45 factories in Germany at 5,931 tons starch 
sirup and 8,135 tons starch sugar, at a price for the sugar varying from 
$82.50 to $84 per ton. 

It is stated in Wagner's Jahresbericht for 1877 that 2,221 tons of 
starch sugar were used in the manufacture of beer in Germany during 
the year 1876. The following table, giving the production for the fiscal 
year 188I-'82, is translatedfromWagner'5 Jahresbericht derChemischen 
Technologic for 1882 : 
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4. — Uses of starch sugar. 

Both glacose and grape sugar find extensive application for a great 
variety of purposes as substitutes for cane sugar or for barley. 
The most general purposes for which starch sugar is used are — 

1. For the manufacture of table sirup. This consists of a nearly or 
quite colorless glucose, with a sufficient addition of the cane sirup from 
the sagar refinery to give it the flavor and appearance of a highly re- 
fined molasses. The quantity of cane sirup added varies from 2 per 
cent, up to perhaps 33 per cent. 

2. As a substitute for barley malt in the brewing of ale or beer. This 
is really a substitution of Indian corn for barley ; but it constitutes a 
very imperfect substitute, as the corn by the treatment employed in 
extracting its starch for conversion into glucose is completely deprived 
of all the nitrogenous bodies and mineral salts which it originally con- 
tained. Hence the glucose alone, which is simply transformed starch, 
is substituted for the entire barley grain with its great variety of valua- 
ble constituents. This is not true, however, of the maltose produced 
from the entire com by the action of malt. This material contains all 
the soluble constituents of the corn, together with the additional sub- 
stances which are rendered soluble by the action of the diastase of the 

« 

malt. 

3. As a substitute for cane sugar in confectionery. 

4. For the adulteration of cane sugar, to which it is added to the ex- 
tent of 20 or more per cent. 

In the appendix will be found some analysis of commercial cane 
sugar.* Although the committee has the most positive evidence that 
grape sugar has at times been used to a considerable extent in adulter- 
ating cane sugar, yet the samples of commercial sugar which have been 
collected from time to time in Kew York City by the inspectors of the 
city and State boards of health have never shown any such addition. 

5. As a substitute for cane sugar in canning fruits and in the manU" 
facture of fruit jellies. 

6. For the manufacture of artificial honey. This is neatly put up in 
glass jars containing a small piece of genuine honeycomb. 

7. In the manufacture of vinegar. 

8. In the manufacture of liquor coloring, used both in mixing liquors 
and in making artificial liquors. 

9. Other more limited applications: In the manufacture of wine; by 
the baker in making cakes; in cooking, in the preparation of sauces; 
as an addition to some canned meats, especially corned beef; in the 
preparation of chewing tobacco ; in the manufactare of printers' rollers, 
and in the manufacture of some kinds of ink. 

The demand for glucose and grape sugar for these purposes is ex- 
tremely variable, and depends on the relative prices of corn and of the 



See Appendix 3 of this report. 
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articles for which this kind of sagar is substitated, especially sugar- 
house sirup and barley. 

m.— on the nature of the commercial products. 

1. — Varieties of sugar. 

Before giving the methods of analysis employed and the results ob- 
tained, it is desirable that the meaning of the names of the substances 
should be stated as clearly as possible, in order that those who are not 
chemists may be able to read the report understandingly. 

Sugar is to the chemist a collective name. There are two classes of 
sugars, closely related to each other. Of one of them our ordinary cane 
sugar, as well as beet sugar, which is chemically identical with cane 
sugar, are examples. Of the other class, grape sugar, glucose or dex. 
trose, the sugar of grapes and honey, is the principal example. Another 
example of the grape-sugar group is levulose. Dextrose and levulose 
have the same chemical composition, but different properties. The dif- 
ference between them is especially marked in connection with the action 
upon polarized light. While the former (dextrose) turns the plane of 
polarization to the right, the latter (levulose) turns it to the left. Pure 
dextrose is stated to have about three-fifths the sweetening power of 
cane sugar. 

When cane sugar is boiled with a dilute acid, as sulphuric or hydro- 
chloric acid, it is converted into equal parts of dextrose and levulose, 
the mixture being called fruit-sugar. 

The names " grape sugar,^ '* glucose,'' and '^dextrose," when used by a 
chemist, are meant to designate the sauie substance. In commerce, how- 
ever, as already stated, the names "grape-sugar'' and "glucose" have a 
somewhat different meaning, the former being applied to the solid and 
the latter to the liquid products. 

One of the first problems which presented itself to the committee in 
the examination of the collected samples of grape sugar and glucose was 
the determination of their composition. Assuming that in the process 
of manufacture perfectly pure starch, acid, and water were used, that 
nothing foreign was introduced, and that the transformations were car- 
ried to the end, the product would be pure dextrose. But the conditions 
tinder which the manufacturers work permit of considerable variations 
in the composition of the products. In the first place, the transforma- 
tion of the starch into dextrose may not be perfect. Indeed, if sul- 
phuric acid be used to effect the transformation, it is impossible, even 
under the most favorable conditions, to transform more than 95 per 
cent, of the starch into dextrose. The extent of the transformation is 
dependent upon the strength of the acid, the temperature, and the time 
during which the heating is continued. The intermediate products are 
chiefly maltose and dextrin, which may be present in greater or smaller 
quantities, according to the way the process is carried out. If the pro- 
duct is to be used in the form of sirup, then the presence of dextrin 
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is objectionable, as it has no sweetening power, though it does not pro- 
duce injurious effects upon the system. If it is to be used in the man- 
ufacture of beer, it should be borne in mind that dextrin does not 
undergo fermentation. Again, the products may be more or less con- 
taminated b}^ mineral substances, such as salts of lime, which are com- 
monly used in the manufacture. Hence, in the analysis of onr samples, 
we directed attention, first, to the substances formed by the transform- 
ation of the starch, and, second, to the accidental mineral impurities. 

2. — Organic constituents. 

Many analyses of the commercial products have been made by others, 
but we have thought best to collect samples ourselves from some of the 
important factories of the country taken at random, and to have analyses 
made under our owu supervision, for the purpose of ascertaining how 
nearly the various products met with in the market approach the same 
composition. 

The samples collected, as stated in full in the first part of the re- 
port, were divided into the necessary number of parts and one part of 
each was forwarded to each member of the committee. The bottles and 
packages were simply numbered, and the members of the committee had 
no knowledge of the original source of the samples. In the results 
which will be given below the samples will be referred to only by their 
resx)ective numbers. The estimations of the relative quantities of dex- 
trose, maltose, and dextrin were made by Mr. A. G. Palmer, of the 
Johns Hopkins University, who used for the purpose a method sug- 
gested by H. W. Wiley (Chemical News, vol. 46, p. 175). The theory of 
the process may be stated in a few words. All three of the bodies pres- 
ent, viz, dextrose, maltose, and dextrin, are optically active, turning the 
plane of polarization to the right though not to the same extent, the 
specific rotatory power of dextrose being 52, that of maltose 139, and 
that of dextrin 193. Now, if a solution containing all three is examined 
with a polariscope the total rotation observed is due to the action of the 

three — 

F = o2d+lS9m + 19Sd' (1). 

If the solution be treated with mercuric cyanide in excess, all the 
dextrose and maltose will be destroyed and only the dextrin left un- 
changed. If a second observation be now made with the polarizing ap- 
paratus, the rotation observed will give the quantity of dextrin present, 

for we have — 

V'=zl93d' (2), 

from which the value of d', or the amount of dextrin, may be easily cal- 
culated. Subtracting (2) from (1) we have — 

P— P' = 52^ + 139 m (3). 

When a mixture of the three substances is treated with Fehling^s solu- 
tion the dextrose and maltose are reduced. The total reduction gives, 
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then, the reducing per cent of the dextrose d, + that of the maltose m. 
Since maltose, however, has a reducing power as compared with dex- 
trose of only 0.62, we have the equation — 

n = d + 0.62 m (4). 

Multiply this by 52, which gives 

52 R = 52 d + 32.24 w, 
and subtract from (3). This gives 

P-P' - 52 R = 106.76 m (5). 

Whence 

p « p/ - 52 R .^. 

^=106.76 ^^^ 

^ = R - 0.62 m (7) 

and 

P' 

For further details of the process reference is made to the paper by 
Wiley. 
The copper solution used is made up in proportions stated below : 

« Grams. 

Copper snlphate 34.632 

Sodiam potassiani tartrate 173 

Pntassiiim hydrate 125 

The substances were dissolved in water and the solution diluted to one 
liter. 

The mercuric cyanide solution used contained in 1 liter 120 grams mer- 
curic cyanide and 25 grams of potassium hydrate. Twenty -five c. c. 
of this solution was sufficient for solutions containing not more than 65 
per cent, of reducing substances, and 30 c. c. for solutions containing 
more than that amount. 

The copper solution (10 c. c.) diluted with its own volume of water 
was in all cases contained in a small Erlenmeyer flask. After heating 
to boiling the sugar solution wa« run in and the whole again heated to 
boiling. For the first trial experiment, the sugar solution was added in 
small portions at a time until the blue color disappeared. The approxi- 
mate amount of the sugar having thus been determined, several new 
titrations were made, the sugar sohition being added all at once, until 
two successive titrations differing by 2 c. c. in the amount of sugar so- 
lution added, the first giving the copper reaction with potassium fe- 
rocyanide, and the second not giving it, were obtained. 

Water was estimated directly by mixing the sample in a small por- 
celain dish with clean dry sand, and heating in an air bath for three 
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hoars at 11(P. In some cases, as of maize sirap, family sirap, and malt- 
ose sirnp, three hoars was foand to be too long, as in that time the 
sample was largely converted into caramel. 

Table I. 



Per cent redaciiig matter 48.5 

Total rotation ; 20<^.7 

Rotat. after mercuric cyanide , 1 1°. 5 

Per cent water 14.2 
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Per cent, reducing matter 

Total rotation 

Botat. after mercuric cyanide 

Per cent, water 0.62 
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Table II. 



Per cent, dextrose 

Maltose 

Dextrin 

Water 



Total. 



1. 



36.5 
19.3 
29.8 
14.2 
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38.4 

17.4 
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For these samples, one and a half hoars was found to be longenongh. 
The figures obtained in each case were — 

1. Percentage of reducing matter ; 

2. Total rotation ; 

3. Eotation after treatment with mercuric cyanide ; and, 

4. Percentage of water. 

Nineteen numbered samples in all were sent for examination ; of these, 
seventeen were analyzed, No. 5 being wanting in the lot as received, 
and No. 11 evidently being a sample of impure cane sugar. In Table 1 
the figures are given as obtained, and in Table 2 the percentages of 
the constituents are given as calculated by the method given above. 

Numbers 7, 8, 9, 10, 12, 13, and 15 were solids, the others liquids. 
Nos. 7 and 19 evidently contained considerable burnt sugar, to which 
fact the curious results obtained in the analysis are at least partly to be 
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attributed.* ^os, 8, 9, and 10 are specially pure specimens of grape 
sugar, and certainly do not represent the average composition of com- 
mercial grape sugar. As fair samples of commercial grape sugar, ll^os. 
7, 12, and 13 and 15 may be taken. In these, as will be seen, the 
amount of dextrose present is between 72 and 73.4 per cent., while the 
dextrin varies from 4.2 to 9.1 per cent. 

As regards the liquid products, the so-called glucoses, it will be seen 
that the amount of dextrose present in them varies from 34.3 to 42.8 
per cent., and the amount of dextrin from 29.8 to 45.3 per cent. 

It should be said that the constituents thus far mentioned are of them- 
selves not injurious when taken into the system, though, as above 
stated, the dextrin has no sweetening jmwer, and hence it has no value 
as a constituent of table sirups or sugars. 

3. — Inorganic constituents. 

The results obtained in the examination of the samples for mineral 
impurities ^e here given. The analyses were made by J. S. C. Wells, 
Ph. D. of the School of Mines of Columbia College : 

Samples of starch sugar examined. 
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Glucose 
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Glucose 

Brewers' grape sugar , 

Confectioners' grape sugar. . . 

Cakes from centrifugal 

Anhydrous grape sugar 
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Grape sugar 

Glucose 

Grape sugar 

Maltose 

Maize sirup 

Glucose 

Family sirup, mixed cane 
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D 
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E 

P 

F 

G 
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4.20 
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1.75 
13.25 
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23.10 
16.50 
22.26 
24.46 
18.41 

21.17 



0.325 
0.370 
0.520 
0.890 
0.420 
0. 380 
0. 140 
0.220 
0.025 
0.330 
0.495 
0.750 
0.335 
0.335 
1.060 
0.815 
0.335 

1.535 



0.202 
0.177 
0.039 
0.220 
0.161 
0.055 
0.091 
0.139 
0.009 
0.029 
0.230 
0. 395 
0.094 
0.159 
0.056 
0.065 
0.053 



0.055 
0.060 
0.255 
0.155 
0.065 
0.010 
0.010 
0.020 
0.000 
0.120 
0.050 
0.025 
0.105 
0.050 
0.125 
0.120 
0.025 



0.020 
0.015 
0.030 
0. 015 
0.010 
0.055 
0.025 
0.035 
0.006 
0.025 
0.100 
0.030 
0.010 
0.055 
0.000 
0.010 
0.015 




0.094 0.205 ! 0.040 



0.012 
0.008 
0.066 
0.014 
0.014 
0.024 
0.025 
0.035 
0.004 
0.025 
0.047 
0.029 
0.012 
0.027 
0.021 
0.008 
0.080 

0.226 



0.027 
0.023 
0.005 
0.031 
0.025 
0.038 
0.007 
0.023 
0.004 
0.004 
0.004 
0.004 
0.009 
0.004 
0.101 
0.013 
0.034 

0.088 



OQ 



0.097 
0.140 
0.157 
0.380 
0.150 
0.070 
0.017 
0.016 
0.000 
0.120 
0.140 
0.329 
0.134 
0.102 
0.337 
0.374 
0.012 

0.340 



* The capital letters in this column are not the initials of the firms or factories from which the same 
plea were taken ; they simply indicate that samples having the same letter came from the same fac- 
tory. 

Careful research was made for tin, copper, and other metallic impuri- 
ties, but none were found. 



* No. 19 was a mixtnre of glucose and cane molasses, which accounts for the results 
of the analysis! the cane sugar present interfering with this method of analysis. 

Sample No. 16 gave, when fermented, results which lead us to the belief that it 
contains a large amount of maltose and very little if any dextrose. From this and 
some other facts noticed in the course of the work, we conclude that the method of 
Wiley is not applicable to products containing any considerable percentage of mal- 
tose. 

S. Mis. 85 6 
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Snlpbnric acid and chlorine were determined in the solation of the 
original samples, ten grains being nscd in each case. Oxide of iron, 
lime and magnesia were determined in the ash. The ash itself was de- 
termined by moistening 10 grains of the material with 3 or 4 c. c. of sul- 
phnric acid, and then incinerating. 

The French plan of deducting one-tenth from the weight of the ash 
for the sulphuric acid added was not, however, adopted. 

To secure an approximate determination of the alkalies, the lime and 
magnesia were calculated as sulphates, and with the oxide of iron were 
subtracted from the total ash, the residue being counted as alkaline 
sulphates, and, divided by two. The result represents approximately 
the alkalies. 

IV.— IS THE USB OP •^GLUCOSE" OR ''GRAPE SUGAR" INJURIOUS 

TO HEALTH ? 

This is certainly one of the most important questions that can be 
asked regarding the substance under consideration. It has been dis- 
cussed very freely, but on a very insufficient basis of facts. Indeed, so 
far as the products made from corn starch are concerned, it appears that 
no experiments have ever been made with reference to their effects upon 
the system. It is essential in a discussion of this subject to keep clearly 
in mind the fact that while it is undoubtedly true that the pure chemi- 
cal substances — dextrose, maltose, and dextrin — are not injurious, there 
may be other substances present in small quantities in the commercial 
products, and that these may be capable of producing injurious effects. 
Or it may be true that when the commercial products are changed by 
fermentation, substances of injurious character are formed or left un- 
fermented. 

In Germany, where large quantities of dextrose are made from potato 
starch, experiments bearing upon the question of the presence of inju- 
rious constituents have been made with the commercial products. Some 
of the results obtained indicate that after fermentation of potato 
sugar, there are left substances which are injurious, while others in- 
dicate that this is not true. Among those who have experimented 
on the subject, A. Schmitz, Kessler, and Freiherr von Mering 
should be specially mentioned. Schmitz (Beitrage zur diatetischen 
Beurtheilung des gallisirten Weins, Koln, 1878) fermented potato 
sugar, and, evaporating the products down to small volumes, adminis- 
tered known quantities of the residues to cats and dogs, and in a few 
cases to human beings. The results obtained were uniform, and showed 
that the substances caused sickness, as headache, sweating, and loss of 
appetite. 

Later Nessler (Wochenblatt des Landwirthachaftlichen Yereins in 
Grossherzogthum Baden, 1880) undertook similar experiments and 
obtained similar results. He experimented upon his assistant and 
himself. One of his experiments is here described : He allowed a 20 
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per cent, solution of potato sagar to ferment after the addition of a 
small quantity of hops. After the fermentation was over the liquid.was 
filtered, a liter evaporated down to a sirup, and then diluted up to 100 
c. c. This solution had a disagreeable, bitter taste., Nessler took 50 
c. c. of it at 7 a. m., and the same quantity at 10 a. m., eaeh portion corre- 
sponding to 100 grams of potato sugar. Toward noon he began to feel 
uncomfortable, but not so much so that he could positively attribute 
his condition to the beer extract. At 2 p. m. the residue from 100 grams 
potato sugar was again taken, and now, in about an hour, there followed 
profuse perspiration and violent headache, both of which continued 
until night. A few days later his assistant took the residue from 90 
grams sugar, the fermented liquor having been evaporated down totwo- 
fifths its original volume. Be soon experienced difficulty in breathing 
and broke out in a cold sweat ; at dinner he had no appetite, and was 
obliged to throw up the little soup he did take. In the afternoon he 
had a violent headache, which continued until evening. 
Nessler concludes his pax)er with these words: 

It is, hence, beyond a doubt true that in the liquid obtained in the fermentation of 
potato sugar thereare substancen injurious tu hoaltb. If thequestion is asked whether 
this is true of all commercial potato sugars, as well as of the sugar examined, we can- 
not give a definite answer. 

In the case of all varieties of potato sugar thus far examined there remains, after 
evaporation of the fermented liquid, a bitter-tasting extract, which turns the plane 
of polarization to the right, and it is very probable that all of them may act injuri- 
OQsly upou the health in varying degrees, according to the greater or less purity. 

As in buying the sugars it is not possible to determine whether the harmful sub- 
stances are present or not, potato sugar should not be used for the preparation of bev- 
erages* until it can be prepared in perfectly pure form. 

Directly opposed to the results of Schmitz and Nessler are those ob- 
tained by Freiherr von Mering (Deutsche Vierteljahrschrift ftir offent- 
liche. Gesundheitspflege, Vol. 14, p. 325). 

This writer experimented upon dogs, cats, rabbits, and human beings 
in much the same way as Schmitz and Nessler had done, and he con- 
cludes that the unfermentable residues from potato sugar are not at all 
objectionable. 

Later Schmitz (Deutsche Vierteljahrschrift fiir offentliche Gesund- 
heitspflege, Vol. 14, p. 481) replied to Von Mering, upholding his first 
results. 

It hence appears doubtful whether there are injurious substances in 
potato sugar, and it is highly desirable that the experiments on this 
subject should be repeated by those who have not thus far taken active 
part in the discussion. Even though it should eventually be shown 
that potato sugar is or is not objectionable, it would not necessarily fol- 
low that the same is also true of maize sugar. 

As, so far as we know, no experiments had been made upon starch 

*One of the uses to which potato sugar is put in Germany is as an addition to poor 
wine. 
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sugar, we carefully rei>eated the experiments described above, using 
several of the samples of glucose and grape sugar, the analysis of which 
are given in the preceding part of this report. 

We were fortunate in securing for this work the assistance of Dr. J. 
B. Duggan, of the Johns Hopkins University, who has for some time 
past been occupied in experiments upon fermentation, and who is hence 
fully familiar with all the pre<;aution8 necessary to secure reliable re- 
sults. The fermentations were carrieil on in a new cellar which, for- 
tunately, chanced to be available, so that the danger of abnormal 
fermentation w^s reduced to a nnuimura. 

Pure glucose cannot be ferment4»d by the simple addition of yeast in 
small quantity, for yea^t, like all living matter, requires /Certain nitro- 
genous and inorganic materials for its own nourishment. As has been 
shown by Pasteur, this want may be supplied by the addition of cer- 
tain salts, such as ammonium tartrate, calcium phc»sphate, etc., but as 
these cannot be added in exactly the necessary proportions, some would 
be likely to remain in the solution after fermentation was complete, 
and, if taken into the stomach along with the glucose residue, would 
probably produce an effect of its own which might be attributed to the 
glucose. 

It is not easy to obtain in sufficient quantity a liquid furnishing ft 
proper medium for the growth of yeast which does not also contain 
glucose ; and, for this reason, it was first necessary to determine the 
effect, if any, of the uufer men table residue from this glucose. 

Experiments Xos. 1, 2, and 3 were made for this purpose. The nu- 
trient liquid used was barley wort, on account of the factthat it is most 
commonly used in brewing for commercial purposes. 

This liquid contains much more nitrogenous matter than is necessary 
to support the yeast during its fermentation, and therefore it still forms 
a good medium for the growth and development of yeast after it is con- 
siderably diluted with a solution of glucose. 

The method of experimenting was as follows : 

The barley wort of the concentration usually employed for making 
beer was mixed with the glucose solution, and the whole heated to boil- 
ing by passing steam through a coil of block-tin tubing placed in the 
tub. The tube was then connected with the hydrant and water passed 
through it until the solution was well cooled. It was then allowed to 
flow slowly over a wide board for the purpose of thoroughly aerating 
it. The temperature was reduced to about 10° C. and about a pint of yeast 
added. Fermentation was carried on in a cool vault, and was allowed 
to continue until very little sugar was left in the solution and the yeast 
had all settled to the bottom of the tubs. A. sufficient quantity of beer 
was then siphoned off and evaporated slowly over the water-bath to 
about one tenth its volume. The residue consisted principally of dex- 
trin, nitrogenous matter from the wort, glycerin, succinic acid, and 
probably other products of fermentation in very small quantities. It 
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formed a thick, dark-colored sirup of very disagreeable taste, especially 
when wort contaiuing hops had been used. For this reason sweet wort 
was used in most of the experiments. All of the fermentations were 
carried on by the low process, that is, with bottom yeast at a tem- 
perature of from 8o to lOo C. 

Two experiments were tried with the high process, but it was found 
to be impracticable on the small scale on account of the development of 
bacteria due to the higher temperature. As the differeni».e in the two 
processes is essentially one of temperature only, there is no reason to 
suppose that they could in any way give different results. 

The amount of yeast added to each tub was about one-half liter. 
This was carefully examined with the microijcope both before and after 
fermentation, to guard against the presence of foreign ferments that 
might produce injurious products. The glucoses used were of the va- 
rious manufactures already mentioned, and embrace the different grades 
of solid and liquid products. 

The extracts were taken at different hours of the day, both before 
and after meals. The quantity usually taken contained the residue from 
125 grams of glucose, but in Experiment No. 8 this quantity was in- 
creased so as to correspond to 200 grams. It seemed useless to try still 
larger quantities, for it is probable that if much more was taken the 
normal products of fermentation, such as succinic acid, wo^uld produce 
some effect. 

Experiments 1 and 2. — Thirty liters of sweet wort and the same 
quantity* of hopped wort were separately fermented, the process lasting 
in each case one week. Five liters of the resulting liquid were evap- 
orated to 750 c. c, and 300 c. c. of the extract taken internally. The 
same experiment was tried by two individuals, but no effect was pro- 
duced. The amount of extract taken corresponded to 2 liters of the beer. 

Experiment 3. — In this experiment there were used 15 liters of 
sweet wort, to which were added 15 liters of a 12.5 per cent, solution 
of cane sugar. Five liters of the liquid were evaporated to 500 c. c, 
and 200 c. c. of the extract taken with no effect. The amount of extract 
taken represented 125 grams of cane sugar. 

Experiment 4. — Fermented 15 liters sweet wort and 15 liters of a 
12.5 per cent, solution of grape sugar (sample No. 12). Five liters of the 
liquid were evaporated to 500 c. c, and 200 c. c. taken. No effect was 
produced. On the following day the same amount of residue was taken 
and with no effect. The amount of extract taken corresponded to 125 
grams of glucose in each experiment. 

Experiment 5. — Fifteen liters of sweet wort and 15 liters of a 12.5 
per cent, solution of grape sugar (sample No. 7) were fermented. The 
same amount of extract was taken as in the last experiment, with the 
same results. 

Experiment 6. — The details of this experiment were exactly the same 
as those of the last. The substance was a commercial glucose (sample 
No. 14). 
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Experiment 7. — ^Fifteen liters of hopped wort, with 7.5 liters of a 25 
per cent, solution of commercial glucose (sample No. 1), were fermented. 
Four liters of the fermented liquid were evaporated down to 400 c. c, 
and of the residue 150 c. c. were taken. No effect was felt. 

Experiment 8. — Fifteen liters of hopped wort and 7.5 liters of a 25 
per cent, solution of grape sugar (sample No. 13) were fermented. Five 
liters of the fermented liquid were evaporated to 500 c. c, and 200 c. c. 
taken. No effect was felt. The extract taken represented 160 grams 
of grape sugar. 

The experiments described above occupied about two months, during 
which time Dr. Duggan repeatedly took large quantities of the extracts. 
At the end of the experiments, and during the entire period, his health 
continued excellent. 

There was nothing whatever to indicate that the extracts contained 
anything injurious to health, and the couclusion seems to be fully justi- 
fied that the samples examined by us, and which we have every reason 
to believe were fair average samples of the substances found in the mar- 
ket, contained nothing objectionable from a sanitary standpoint. In 
the experiments the experimenter took into his system everything that 
could possibly be objectionable contained in from 120 grams to 160 
grams of the glucose or grape sugar, i, e.j from a quarter to one-third 
of a pound. It must be borne in mind, further, that the extract which 
was taken into the stomach must have contained any objectionable 
mineral, as well as organic substances, present in the glucose employed. 
Hence the results seem to be final as regards the injurious natures of 
glucose or grape sugar made from maize. 

These ex])enments extended over a period of only about two months. 
On the question, therefore, whether any injurious effect would follow the 
continuous use of this material the committee has no information. 

Our experiments have, of course, no direct connection with those of 
Schmitz, Nessler, and Von Mering, already referred to. These gentle- 
men experimented upon potato sugar as furnished by manufacturers 
in Germany. Our conclusions are valid only for maize sugar as fur- 
nished by manufacturers in this country. 

It should be further remarked that although our experiments show 
conclusively that the products of fermentation of glucose are not dan- 
gerous to health, it does not necessarily follow that beer made by the 
fermentation of glucose is as good as that made in the usual way. That 
is a matter which does not fall within the scope of our investigation. 

v.— SUMMARY AND CONCLUSION. 

The results which have been obtained by the committee, and which 
have been presented in the foregoing pages, may be briefly summed up 
as follows : 

1st. Starch sugar, as found in commerce, is a mixture in varying 
proportions of two sugars called dextrose and maltose, and of dextrio. 
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or starch gum. Dextrose was discovered in honey by Lowitz in 1792, 
and was first prepared from starch by Kirchhoff in 1811. In 1819 
Braconnot prepared it from woody fiber. Maltose was first recognized 
as a distinct sugar by Dubrunfant in 1847, in the product of the action 
of malt on starch. No dextrose is thus produced, according to O'SuUi- 
van. 

2d. The process of making starch sugar consists, 1st, in separating 
the starch from the corn by soaking, griuding, straining^ and settling ; 
and, 2d, in converting the starch into sugar by the action of dilute 
sulphuric acid, this acid being subsequently removed by the action of 
chalk. To make the solid '' grape sugar ^ the action is carried further 
than to make the liquid " glucose." After clarifying, the liquid is con- 
centrated in vacuum pans and is decolorized with bone-black. 

3d. The starch-sugar industry in the United States gives employ- 
ment to 32 factories, having ^an estimated capital of $5,000,000, con- 
suming about 40,000 bushels of corn per day, and producing grape sugar 
and glucose of the annual value of nearly $10,000,000. In Germany, 
in 1881-82, there were 39 factories of this sort, consuming over 70,000 
tons of starch, and producing about 40,000 tons of starch sugar. 

4th. Starch sugar is chiefly used in making table sirup, in brewing 
beer as a substitute for malt, and in adulterating cane sugar. It is also 
used to replace cane sugar in confectionery, in canning fniits, in mak- 
ing fruit jellies, and in ijooking. Artificial honey is made with it, and 
so, also, is vinegar. 

5th. Starch sugar represents one distinct class of sugars, as cane 
sugar does the other, the former being obtained naturally from the 
grape, as the latter is from the cane and the beet. Starch sugar — which 
is a term chemically synonymous with dextrose and glucose — when jmre 
has about three-fifths the sweetening power of cane sugar. By the 
action of dilute acids both cane sugar and starch yield dextrose. In 
the case of starch, however, dextrose constitutes the sole final product. 

6th. The commercial samples of starch sugar obtained by the com- 
mittee showed a fairly uniform composition on analysis. The liquid 
form, or "glucose," contained from 34.3 to 42.8 per cent, of dextrose, 
from to 19.3 per cent, of maltose, from 29.8 to 45.3 ])er cent, of dextrin, 
and from 14.2 to 22.0 per cent, of water. The solid form "grape sugar'' 
gave from 72.0 to 73.4 per cent, of dextrose, from to 3.6 per cent, of 
maltose, from 4.2 to 9.1 per cent, of dextrin, and from 14.0 to 17.6 per 
cent, of water. Three specimens of especially prepared " grape sugar" 
contained 87.1, 93.2, and 99.4 per cent, of dextrose, respectively. The 
last of these was crystalline anhydrous dextrose. 

7th. Of mineral or inorganic constituents, the samples of starch sugar 
examined contained only minute quantities. The total ash found in 
the " glucose " was only from 0.325 to 1.060 per cent. ; and in the " grape 
sugars ^ only from 0.335 to 0.750 x)er cent. Xo impurities, either organic 
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or inorganic in character, other than those mentioned were detected in 
any of the samples examined. 

8th. The elaborate experiments upon the fermentation of starch sugar 
would seem to be final on the question of the healthfulness, not only of 
glucose itself, but also of the substances produced by the action of a 
ferment upon it. Large quantities of a concentrated extract from the 
fermentation, representing from one-third to one-half a pound of starch 
sugar, were taken internally by the experimenter, and this repeatedly, 
without the slightest observable effect. This result, rigidly applied, 
holds, of course, only for those sugars which, like this, are made from 
the starch of Indian corn or maize. 

In conclusion, then, the following facts appear as the result of the 
present investigation : 1st. That the manufacture of sugar from starch 
is a long-established industry, scientifically valuable and commercially 
important. 2d. That the processes which it employs at the present 
time are unobjectionable in their character, and leave the product un- 
contaminated. 3d. That the itarch sugar thus made and sent into com- 
merce is of exceptional purity and uniformity of composition, and con- 
tains no injurious substances. And, 4th, that though having at best 
only about three-fifths the sweetening power of cane sugar, yet starch 
sugar is in no way inferior to cane sugar in healthfulness, there being 
no evidence before the committee that maize starch sugar, either in its 
normal condition or fermented, has any deleterious effect upon the 
system, even .when taken in large quantities. 
All of which is respectfully submitted. 

' GEORCxE F. BAEKEE, 

Chairman. 
WILLIAM H. BEE WE R, 
WOLCOTT GIBBS, 
CHAELES F. OHANDLEE, 
lEA EEMSEN, 

Committee. 
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CIRCULAR SENT OUT BY THE COMMITTEE. 



Baltimore, , 1882. 

. Sir : At the request of the Commissioner of Internal Revenue of the United States, 
the undersigned have been appointed a committee of the National Academy of Science^, 
for the purpose of making a scientific investigation of the various products which are 
obtained from starch, and known as glucose, grape sugar, maltose, &c., and of the 
processes used in their manufacture. 

"While giving full weight to the investigations which have already been made, the 
committee feel that it is desirable for them to reach their conclusions, as far as pos- 
sible, independently, and hence they have decided to ask the assistance of the mana- 
facturers in getting together the necessary Information, and in taking samples of pro* 
ducts for examination. As the investigation is in the interests of the mannfacturerSy 
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as well as of the public, we respectfully request that, as soou as convenient, you will 
forward t^ the Secretary answers to the questions to be found on the next page. 

It is, of iourse, understood that, without special permission from you, no use will be 
made of the information you may give us, except in a general way, and without men- 
tion of the name of your firm. 
Yours, respectfully, 

G. F. BARKER, Chairman, 
Professor University of Pennsylvania, Philadelphia, Pa, 
i W. H. BREWER, 

Professor Tale College, New Haven, Conn 
C. F. CHANDLER, 
Professor Columbia College, New York, N, Y, 

WOLCOTT GIBBS, 
Professor Harvard College, Cambridge, Mass, 
IRA REMSEN, Secretary, 
Professor Johns Hopkins University, Baltimore, Md, 

QUESTIONS SENT .OUT BY THE COMMITTEE. 

m 

1. Please give as full a description as you may care to of the processes used in your 
factory. (Descriptions of machinery would not be of much use to the committee.) 

2. What are the names and general properties of the products which your firm 
places on the market f 

3. Will you give an agent authorized by us the privilege of taking samples of your 
products at your factory ? 

4. What information can you furnish regarding the capacity of your establishment, 
as shown by the consumption of raw material in 1881 and 1882 f Is any other material 
used besides com ? 

5. What is the principal use made of your products? 

6. Please add the names and addresses of any firms known to you, and not included 
in the accompanying list. 
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The glucose and starch-sugar factories of the United States, 



Location of factory. 



Name of factory. 



Name of firm. 



iLLraois. 



Sugar Company. 

♦Chioafijo ! Eberts' 

^Chicago , Chicago Sugar Refining 

! Company. 

♦Danville Danville Refinery and 

Starch Works. 

*Freeport ' Kings Co. Refinen^ 

♦Geneva i Geneva Grape Sugar 

! Company. 
♦Gladstone ; Gladstone Refinery 



♦Champaign ; Champaign Grape Champaign Grape 

Sugar Company, Mr. 
Smith, president. 

Eberts' 

Chicago Sugar Refining 
Company. 



Sugar Company. 



♦Pekin Richard & GUI 

•Peoria Peoria Grape Sugar 

I Company. 
Peoria Peoria Sugar Refinery . . 



♦Bockford. 
♦Sagetown 



Rockford Grape Sugar 
Company. 



Veiller, Javne & Co — 
Geneva Grape Sugar 

Company. 
Gladstone R e f i n e r y 

Sugar Company. 

Richard & Gill 

Peoria Grape Sugar 

Company. 



Peoria Sugar Refinery, 
- T. hSj • 
dent. 



C. J. l^mUn, presi- 



Rockford Grape Sugar 
Company. 

Sagetown, HI. 

*Pftctorie8 to which the Circular (Appendix 1) was sent. (See page 8.) 



Office of firm. 



Champaign, III. 



Chicago, m. 
Chicago, HI. 

Danville. 111. 

Freeport, 111. 

Geneva, Kane County, 

m. 

Gladstone, 111. 

Pekin, 111. 
Peoria, 111. 

No. 19 West Swan street 
Buffalo, N. Y. 

Rockford, HI. 
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The glucose and atareh-eugar factariee of tie United /Stotoa— Continaed* 



Location of factory. 



♦lOWA. 

Davenport 



*I>e8 Moines ... 

*Iowa City 

*Mar8halltown . 

KAN8AB. 



Atchison 

Leavenworth . 



MICHIGAN. 

•Detroit 

MItWOUBI. 

^KansaaCity 

Saint Joseph 

*Saint Loais 



Name of fketory. 



Name of firm. 



Davenport Glucose 
Manufacturing Com- 
panv. 

Des Moines Sirup Refin- 
ery. 

Iowa City Grape Sugar 
Company. 

Grape Sugar Company . . 



Leavenworth 
Company. 



Sugar 



NEBRASKA. 



Omaha 



NEW TOUK. 

*Buffalo, Scott street 
and Hamburg Canal. 

*BufEa]o, Court stceet.. 



"EastBuf^o, Jefferson 
street, near "William. 
*GIen Cove, Long Island. 

♦New York City, 132 

King street. 
421 West Fifteenth 

street. 

OHIO. 

*Tippecanoe City 

Toledo 

WEST VIRGINIA. 

Wheeling 



Michigan Sugar Com* 
pany. 



Bochester Grape Sugar 
Company. 

Saint JOHeph Refining 
Company. 

Saint Louis Sirup Glu- 
cose and Grape Sugar 
Company. 



Davenport Glucose 
Manufacturing Com- 
panv. 

Des Moines Sirup Refin- 
ery. 

Iowa City Gra]>e Sugar 
Company. 

Grape Sugar Company. . 



Leavenworth S ng a r 
Company, C. J. Hai 



lin, president. 



im- 



D. H. Howell, Sons & 
Co., agents. 



Rochester Grape Sugar 
Company. 

Saint Joseph Refining 
Company. 

Saint Louis Sirup, Glu- 
cose, and Grape Sugar 
Company. 



American Grape Sugar 
Company. 

Buffalo Grape Sugar 
Company. 

The Firmenich Sugar 
Refinery Company. 

Glen C'ovo Manufactur- 
ing Company. 

Booth & Edgar's Fac- 
tory. 

Manhattan Sugar Com- 
pany (limited). 



Ameiican Grape Sugar 
Company, C. J. Ham- 
lin, president. 

Buffalo Grape Sugar 
Company, 0. J. Ham- 
lin, president. 
j The Firmenich Sugar 
Refinery Company. 

Glen Cove Manufactur- 
ing Company. 

Booth Sc Edgar 



Manhattan Sug^ Com- 
pany (limited). 



Grape Sugar Company. . Grape Sugar Company. 



Fell's Sirup Factory . . . 




OflSce of film. 



Davenport) Iowa. 

Des Moines, Iowa. 
Iowa City, Iowa. 
Marshalltown, Iowa. 



Atchison, Kans. 
No. 19 West Swan street, 
BufBftlo, N. Y. 



Agents' office, 107 Wall 
street, New York. 



Kansas City, Mo. 
Saint Joseph, Mo. 
Saint Louis, Mo. 

Omaha, Nebr. 



No. 19 WMt Swan street, 
Buffiilo, N. Y. 

No. 1 9 West Swan street, 
BufEiEdo, N. Y. 

No. 22 West Senecs 

street, Bn£EiBao, N. Y. 
298 South street, New 

York City. 
100 Wall street. New 

York City. 
421 West Fifteenth 

street, New York City. 



Tippecanoe, Miami 
County, Ohio. 



Wheeling, W. Va. 



* Factories to which the Circular (Appendix 1) was sent. (See page 8.) 

In response to this circular very full communications were received from the fol- 
lowing manufacturers : 

J. A. Cunningham, Danville Refiniug and Starch Works, Danville, 111. 

George Turner, secretary and treasurer Geneva Grape Sugar Company, Geneva, 111. 

W. H. H. Ammack, superintendent Gladstone Grape Sugar Company, Gladstone, 111. 

Dr. F. H, Kimhall, chemist Rockford Grape Sugar Company, Rockford, IlL 

Louis P. Best, superintendent Davenport Glucose Manfacturing Company, Daven- 
port, Iowa. 

H. B. Leavens, secretary Des Moines Sirup Refinery, Des Moines, Iowa, 

W. J. Allen, superintendent Iowa City Grape Sugar Company, Iowa City, Iowa. 

J. D. Hayes, vice-president Michigan Grape Sugar Company, Detroit, Mich. 

George B. Emmons, president Saint Louis Sirup, Glucose, and Grape Company, Saint 
Louis, Mo. 
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The Firmenioh Sugar Refining Company, Buffalo, N. Y. 

Harry Hamlin, vice-president Buffalo Grape Sngar Company, Buffalo, N. Y. ; vice- 
president of the American Grape Sugar Company, Buffalo, N. Y. ; vice-president of the 
Peoria Sugar Refining Company, Peoria, 111. ; vice-president of the Leavenworth 
Sngar Company, Leavenworth, Kans. 

Hiram Duryea, vice-president Glen Cove Manufacturing Company, Glen Cove 
N. Y. 

Augustus Talhot, Manhattan Sugar Company (limited). New York. 

The Grape Sugar Company, Tippecanoe City, Ohio. 

A. C. Fell, Fell's Sirup Factory, Wheeling, W. Va. 

Valuahle information was also received from the following : 

Arno Behr, Ph. D., Chicago, 111. 

Waldron Shapleigh, Freeport, III. 

Albert L. Colby, Ph. B., inspector New York State board of health. 

S. D. Phelps, New York. 

Edgar Tucker, New York. 



APPENDIX 3. 

EXAMINATION OF COMMERCIAL SUGARS WITH REFERENCE TO THEIR 

ADULTERATION WITH STARCH SUGAR. 

A. — Analyses of sugars purchased in o^en market. 

Sixteen samples of brown sugars were bought in the open market at various gro- 
ceries. Four of these were found to contain aboot 30 per cent, of grape sugar. It is 
impossible to determine with accuracy the amount of grape sugar present in a sample 
of adulterated cane sugar for the reason that the brown cane sugars always contain 
invert sugar which gives reactions iudeutical with those of grape sugar. The amount 
of invert sugar present varies, but ^jiay reach as much as 5 per cent., and perhaps 
more. If, however, in examining a specimen of cane sugar there should be found 
evidence of the presence of, say, from 20 to 30 percent, of a sugar giving the reactions 
of grape sugar, the conclusion would certainly be justified that the latter had been 
ad 

In our examinations the first test applied in every case was the treatment of the 
sample with Inke-warm water. If no grape sugar is present the sample dissolves up 
quickly. If it is present in considerable quantity there remains behind for some time 
andipsolved a quantity of matter consisting of white, chalky-looking particles. 

For the purpose of estimating the quantity of grape sugar present in the adulter- 
ated samples two methods were used : 

1. The well-known method of Fehling, with the precautious and modifications 
suggested by AUihn (Journal fur Praktische Chemie, vol. 130, page 46), and 

2. The method of Sachsse, modified as directed by Heinrich (Cheraisches Central- 
blatt, 1878, p. 409). 

For the Fehling- Allihn method, dissolve 173 grams sodium potassium tartrate and 
125 grams potassium hydrate in water, and dilute so as to make 500 c. c. Also dis- 
solve 34.6 grams copper sulphate in water and make up to 500 c. c. Keep the two 
solutions separate, and only bring them together when needed for immediate use. 

For a determination, 30 c. c. of each of the solutions are brought together, and 60 
o.c. water added. The whole is then heated to lioiling. Twenty-five c. c. of a sugar solu- 
tion which must not contain more than 1 per cent, sugar, are then added, and the whole 
heated on a water-bath for fifteen minutes. The precipitate is collected in an asbes- 
tos filter, washed with alcohol and ether, and a current of dry air drawn through. 
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When dry, the snboxide of copper \h reduced to copper in a corrent of hydrogen* 
The whole filter (tube and asbestoe), together with the copper, is now weighed, and 
the weight of the copper fouud by deducting the weight of the filter previously 
taken. The weight of sugar corresponding to the weight of copper fonnd can be 
taken from Allihu's table (loc. cit., pp. 63-65). 

For the preparation of the Sachsse-Heiurich solution, 18 grams pure mercurie 
iodide, 25 grams potassium iodide, and 10 grams potassium hydrate are dissolved in 
water, and the volume made up to 1 liter. The proporti<m of potassium hydrate 
here used is much smaller than that used by Sachsse, which was 80 grams. A por- > 
tion of the solution prepared in the above way, boiled for thirty minutes with 20 per 
cent, solution pure cane sugar, failed to give the slightest evidence of the reduction 
of the mercuric iodide. Forty c. c of this solution were found by titration with stand- 
ard solutions of pure grape sugar and invert sugar to correspond to .128 gram dex- 
trose and .119 gram invert sugar. 

Twelve of the sixteen samples collected did not contain more than 5 per cent, of 
sugar having an action in the solutions employed in the examination. Some of the 
details of the analysis of one of the a<lulterated samples, and the figures obtained in 
the analysis of two other adulterated samples, are here given. 

Sample 1. — Ten grams of the sample were dissolved in 109 c. c. distilled water. Ten 
grams of this solution were"then diluted up to 100 c. c, so that in the weaker solution 
there was 1 gram of the substance in 100 c. c. of the solution. The amount of this 
solution necessary to reduce 40 c. c. of the previously standardized solution of mer- 
cury iodide was now determined. It was found to be 39.3 c. c. But 40 c. c. of the mer- 
curic iodide solution are equivalent to 0.128 gram of dextrose (pure grape sugar). 
Therefore, in 0.393 gram of the sample there is 0.128 gram dextrose — an amount 
which corresponds to 32.9 per cent. This conclusively shows that the sample con- 
tained somewhere in the neighborhood of 30 per cent, of grape sugar. 

This result was confirmed by the aid of the Fehling-Allihn method. Ten c. c. of the 
same sugar solution as that used in the preceding estimation were added to 60 c. c. of 
Fehling's solution. The cuprous oxide was collected on au asbestos filter, reduced to 
metallic copper, and weighed. The weight of copper thus found was 0.0633 gram. 
This corresponds to .03235 gram dextrose (grape sugar), or, in 0.1 gram of the sample 
there was 0.03235 gram of grape sugar. This is 32.35 per cent, of the whole, 'while by 
the Sachsse-Heinrich method the amount found was 32.8 per cent. 

In Sample 2 the Sachsse-Heinrich method indicated the presence of 33.6 percent, of 
dextrose, while the Fehling-Allihn method gave 33.8 per cent. 

In Sample 3 the former method gave 26.3 per cent, and the latter 26.9 per cent, dex- 
trose. 

A fourth sample gave results similar to those just described, and was undoubtedly 
adulterated. 

While the figures given cannot be regarded as accurate, they show beyond a doubt 
that the samples examined were largely adulterated. Whether the amount of grape 
sugar present is exactly stated or not, there was certainly present as much as 20 per 
cent, and probably somewhere between 30 and 40 per cent. If the samples examined 
had consisted of pure cane sugar mixed with pure grape sugar the figures obtained 
would have varied only very slightly from the truth. But in fact neither the eane 
sugar nor the grape sugar was pure, and we cannot tell what allowance to make for the 
impurities. There may have been as much as 5 per cent, of a reducing sugar,, like grape 
sugar, in the cane sugar originally used. There could hardly have been much more. 
Subtracting this amount (5 per cent.) from the total found in the first adulterated 
sample, there remain about 27 per cent, of reducing sugar which must have been in- 
tentionally added. But this figure represents only the amount of reducing sugar added, 
and not the total quantity of substance added. Now, as has been shown in an earlier 
part of this report, the commoner grades of commercial grape sugar contain only about 
70 to 75 per cent, of reducing sugar, so that in order to add to a cane sugar 25 per 
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•cent, of a redncing sagax we should have to add a considerably larger amount of com- 
mercial grape sugar, say, about 33 per cent. Hence it appears probable that the 
adulterated samples examined by us contained about :^ per cent, of grape sugar. 

B. — Extracts from Board of Health Reports, 

[Bxtraet from the Report of A. L. Colby, Ph. B., to the Sanitary Committee of the New York 
State Board of Health in 1881. Second Annual Report of the Board, p. 604.] 

Although, as we have just seen, the sugars of to-day are free from insoluble min- 
eral adulterations, the use of glucose as an adulterant is practiced to a considerable 
extent. The result of the examination of the 116 samples for the presence of artificial 
or added grape sugar or glucose is given in the following table : 



Grade of sagar. 



Number 
examined. 



Ontloaf ! 

OnuDolated 1 

*»A" : 

Powdered 

liight-brown," Extra C" ' 

Brown,"C" 

Dark-brown, "X" 

Total. I 



7 

4 

5 

33 

49 

10 

8 



116 



Unadulter- 
ated. 



7 
4 
5 
33 
46 
9 
8 



112 



Adulter- 
ated with 
glucose. 



3 
1 



This table shows that the white sugars are all unadulterated. But the brown sugar 
(especially light brown coifee sugar " Extra C") is the variety in which this sophis- 
tication is practiced. As the table shows, of the sixty-seven samples examined, four 
were found adulterated, and to a large extent, as may be seen by the following analy- 



sis: 



No. of 
sample. 



Character of sugar. 



705 ' Brown "C".. 

706 I Light brown 

707 Light brown 

708 Light brown 



Per cent, of 
added glucose. 



Per cent, of 
total glucose. 



••Extra C". 
••Extra C" 
'• Extra C" 



22.20 
21.24 
29.79 
33.36 



UndeterminOd. 
26.522 
32.834 
35.878 



All colored sngars contain more or less " feuit " or " invert sugar,'' which is a mix- 
ure of equal parts of dextro-glucose and levoglucose. This is produced from the 
cane sugar in the process of manufacture. The artificial glucose, used as an adulter- 
ant, is dextro-glucose made from starch. 

These so-called '^ mixed sugars'' are sold in the wholesale market under certain 
trade names, such as " new process sugar," " Niagara A, B, C," " Harlem B," " Excel- 
sior C," &c., which signify to the purchaser their character. They are, however, 
usuall/ disposed of in the retail trade as pore sugar. As most of these ^^ mixed su- 
gars " are sent to the country, they are rarely to be found in the hands of retail city 
^ocers. 
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A review of other recent inyestigations of sugar proves the general Qse of glacose 
as an adulterant. From the six annual reports on the adulteration of food' in Cauada* 
the following tabular statement of the results has been compiled : 

SUGARS Al^ALYZED. 



i>.t.of»pon. ^^f^^<^- 


Genuine. 


Adulterated 
with gloooee. 


DoabW 
M 


First report, 1876 15 

Second report, 1877 34 

Third report, 1878 42 

Fourth report, 1879 i 101 

Fifth report, 1880 55 


12 
30 
34 
31 
55 


3 

4 
8 
9 


ii 


Sixth report, 1881 83 1 63 








Total 310 275 


24 


u 



An investigation of seventy-five samples of sugar, made in 1879 by the liassacha- 
setts State Board of Health, Lunacy, and Ciiarity,t shows the presence of an unda^ 
excess of glucose in three cases. 

The recent investigation of sugars, made by Dr. Charles Smart, under the direction 
of the National Board of Health,! shows the very general use of glucose as an adulter- 
ant. '^ Among forty-seven brown sugars, most of which were furnished by dealers 
who knew that their samples would be examined, there were found three which con- 
tained glucose; while among thirty-eight samples purchased for analysis, no lees than 
nine were thus adulterated. The glucose varied from a small admixture to 30 per 
cent." 



APPENDIX 4. 

EXTRACTS FROM THE JOURNAL LITERATURE RELATING TO STAECH 

SUGAR, CHRONOLOGICALLY ARRANGED. 

[Prepared by E. J. Hallock, Ph. D.) 

KIRCHHOFF^S DISCOVERY OF STARCH SUGAR. 
[Prof. John (1812). Schweig. J., IV, m.) 

The author learns through Nasse that Kirchhoff was trying to make a cheap gum,, 
and produced sugar instead. From 100 pounds starch, N. & K. got 90 pounds solid 
grape-like sugar, or 120 pounds of very sweet sirup. 

It is a peculiar kind of sugar, resembling grape sugar, but better. 

Nitric, hydrochloric, sulphuric, and oxalic acids produce it; but tartari0| acetic (!) 
and phosphoric do not. 

PREPARATION OF STARCH SUGAR. 

[Schrader (1812). Schweig. J., IV, p. 108.] 

Author repeated KirchhoflPs experiment. The latter employed 1 part acid and 400 
of water to 100 of starch, and boiled 36 hours. Schrader used more acid and boiled 
9 hours, and got a sweeter product. He compares the operation to the mannfact- 
ure of ether. 



* Report on the adnlteration of food, being supplement No. Ill to th« report of the Department of 
Inland lUrenne. 
t First Annual Eeport State Board of Health, Lnnaoy, and Charity of Massachusetts, 1870, page 60 
t National Board of Health Bulletin Supplement No. 6, January 1, 1881. 
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CONYSRSION OP STAKCH INTO SUGAR. 

[Pfaff (1812), in Sohweig. J., V. p. M.] 

Author repeated KirchhofTs experiment in glass retort, and foand no CO3 or SOs 
evolved, hence the conversion is not oxidation, nor does it resemble germination which 
yields COs. He does not compare it with ether-making, because the circumstances 
differ. He calls it killing the starch, and compares it to potatoes that get sweet un- 
der the Influence of cold. 

CONVERSION OF STARCH INTO SUGAR. 
fVogftl (1812), in Schweiger'8 J., V, p. 80.] 

The anthor first asserts that no chemist had yet made sugar by chemical means un-> 
til Kirohhoff, in St. Petersburg, made a gummy and sugary substance by acting on 
starch with sulphnric acid. 

The anthor repeated Kirchhoff' s experiments, using 40 grams of acid in 8 kilograms 
of water (1-200) for 2 kilograms of starch. Ho obtained an equal weight of sirup 
containing varying quadtities of sugar and gum. The latter was insoluble in alcohol, 
bnt did not form gnmmic acid when acted on by nitric acid. He believes that the 
acid withdraws the elements of water from the starch. (See also Gilbert's Ann. ,^ 
XLII, p. 123.) 

* ON THE SWEETNESS OF STARCH SUGAR. 

[Gehlen (1812). Schweig. J., V, p. 42.] 

This author repeated KirchhotiPs experiment, and described the product as yellow- 
ish, soluble in 1^- parts water ; gives a white precipitate with oxalates, none with 
HaS (NH4)3S, KCy, or tincture of galls. Only experience can tell whether it is 
wholesome, but probably is so (p. 41). Does not. form caramel when heated, and 
melts e;isily. In sweetening power 2^ or 2^ equals 1 of cane sugar. Its price must 
be proportionately lower than cane sugar to compete with it. The sirup 'irritates the 
throat like honey, which it closely resembles. 

WAS STARCH SUGAR A FRENCH DISCOVERY? 
[De Gassiconrt (1812), In Schweig. J., V, Beilage; Moniteur, No. 150.] 

In 1801 Fourcroy obtained a sugary substance by passing chlorine int^ a solution 
of gum, or starch suspended in water. 

Parmentier, in his Pharmacopeia, p. 361, says he formed sugar from starch by the 
action of cream of tartar 30 years ago. 

Schweiger adds a note that nearly upsets all this author says. 

ACTION OP THE GLUTEN IN CONVERTING STARCH INTO SUGAR. 
[Kirchhoff (1814). Schweig. J., XIV, 389. Read in St. Petorsb. Acad., Sept. 1, 1812.] 

The author deduces the following conclusions from his experiments: 

1. Gluten causes the formation of sugar in germinated seed and in the meal which 
has been soaked in hot water. 

2. The starch in germinated grain is unchanged, and is first converted into sugaT 
(at a temperature above 40^ R.) by the gluten. 

3. The starch in the floui* is to be considered as the best material for making alco^ 
hoi. 

4. In germination the gluten acquires the power of saccharifying more starch than 
the grain contains. \ 

5. The production of sugar in germinated seeds is a chemical process and not the 
result of vegetation. 

6. In wort the starch is in the sweet form, and infusion of galls does not Q£<^<^t \^v 



96 REPOaT NA.TIONAL ACADEMY OP SCIENCES. 

DECOMPOSITION OP STARCH BY WATER. 
[Saussare (1819) Apd. Chim. Aag., 1819; Schweig. J., XXYII, 320.] 

When starch and water are expose<l to a teniperatnre of 20 or 25° C, with or with- 
out access of air, there are formed — 

1. A kind of sugar similar to that made by the action of acid. 

2. A kind of gum siip.ilar to roasted starch. 

3. A substance here called Amidin between gum and starch in properties. 

4. A substance as insoluble in boiling water and several acids as woody fiber, but 
18 blued by iodine. 

Also other products. 

SUGAR FROM OLD LINEN. 

[BracoDnot (1819). Ann, Chim. Phys. Oct., 1819, p. 172; Schweiger'a J., XXVTI, 337.] 

f wenty-four grams old dried linen was iirst converted into gum by 34 grams sul- 
phuric acid, diluted, the unchanged fil)er (3.6 grams) filtered out, then boiled two 
hours, and saturated with carbonate of lime. Basic acetate of lead gave no precipitate. 
The solution was eva]>orated and heated until it smelled of burnt sugar. Yield was 
23.3 grams from 20.4 of linen. It was diluted to a sirup, and in twenty-four hoois 
began to crystallize. It has a pleasant, pure, and rather cooling taste. It is capable 
of fermentation. 

CONVERSION OF CANE SUGAR BY PECTINE. 
[Le Roy (1832). Ann. Ch. Pharm.. VHI, 207; J. de Chim. Med., VUI, 597.1 

Author boiled the juice of ripe currants, apricots, strawberries, &c., before fermen- 
tation, with 1^ parts of cane sugar ; in a few months the sugar was all converted into 
grape sugar. This was not the case when the juice lijid fermented beforehand. 

Chevallier had already made a similar observation. 

Le Roy's experiments go to prove that the inversion is caused by the pectiue. 

PRODUCTS FORMED FROM STARCH BY DIASTASE. 
[Payen & Persoz (1883). Ann. Chim. Phys. (2), LIII, 73.] 

The starch is entirely changed into two bodies, an uncrystallizable sugar and a gum, 
the sum of whose weights equals that of the starch. 

BEER FROM STARCH SUGAR. 

[Lampadius (1833). J. pr. Ch. XVI, 375; Pharm. Centrl., 1833, 351.] 

Author prepared a very good beer from starch sugar, with extract of hbps, yeast, 
and some white of egg. After lying three weeks it was clear, sparkling, and of very 
pleasant flavor. 

PREPARATION BY MEANS OF DIASTASE. 



[W. A. Lampadius (1834), in J. pr. Ch. II, 457.] 



Four pounds potato starch and 24 pounds water boiled to a paste in a tinned copper 
cylinder. Kept ten hours at 42-47° R. after putting in half pound of barley malt 
coarsely ground in a coffee-mill. No change, as the malt was five weeks old. With 
fresh malt the paste became a thin liquid in 10 minutes but not very sweet, bat sweet- 
ness increased for eight hours. No blue color with starch. Yield of 4 pounds 13 loth 
of transparent simp, sp. gr. 1.280. In taste it differs somewhat from that made with 
sulphuric acid. 

SUGAR OBTAINED FROM STARCH BY MBAXS OF DIASTASE. 
[Guerin-Varry (1835). Ann. Chhn. Phys. (2) LX, 54.] 

It is white, odorless, leas sweet than cane sugar, crystallizes in caaliflower erjtMB 
ap. gr. 1.3861. Heated for an hour at 100^ loses 9.8 per cent, of its weight of water. 
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At 23^.5 63^ parts dissolve in 100 of water; is a little less soluble than grape sngar, 
100 parts yield 42.288 of CO^ and 44.28 of alcohol. That made by the action of acids 
has the same composition as that made by diastase, and as grape sugar. 

COMPOSITION AND PREPARATION OF STARCH SUGAR. 
[C. Brnnner (1835) Pogg. Ann., XXXIV, 319; Ann. Ch. Pharm. XIY, 303.] 

Author refers to the contradictory views of Saussure and Converchel ; also Guerin, 
Gailboort, Baspail, Biot and Persoz. 
Bronner's experiments gave for the composition of pure potato starch — 



1 


I. 


n. 


in. 


Average. 


c 


44.373 

6.316 

49. 311 


44.672 

6.360 

48.968 


43.242 

6.756 

50.002 


44 095 


H 


6.477 


o 


49.428 







From 100 parts of this starch he obtained 106.82, 108.82, 106.238, 106.239, 106.711 ; av- 
erage, 107.01 of dry sugar. He then made the Na CI compound and found an average 
of 13.522 per cent. Na CI. Calloud fonnd 8.3 per cent, in that made from urine-sugar 
25 per cent, in that from grape sugar. 

MANUFACTURE OF STARCH SUGAR. 

[BoQchardat (1836), in J. pr. Ch. YII, 83.] 

1. It is better to use but little acid and let it act a. long time, j^til alcohol gives no 
p recipitate. 

2. Must saturate at once when done. 

3. Steam better than open fire. 

4. Avoid too much lime, as it blackens and destroys the sugar. The best char is 
that from Prussian-blue factories. 



MANNA SUGAR IN STARCH SUGAR. 

[Fremy (1836), InL'InBtitnt; Abst in J. pr. Ch VIH, 197.] 

Fremy prepared the starch sugar with care in the usual manner, crystallized it 
once, and treated it with alcohol. 

From the solution he obtained manna sugar in crystals, hence it is not a product 
of fermentation, but being infermentescible remains in tM-fermented simp. 

MANNITB FROM STARCH SUGAR. 
[Fremy (1836) Inst. Pharm. Centrl., 1836, 686.] 

Author obtained mannite by treating a starch sugar (made with sulphuric acid) 
-with idcohol. Hence it is present in the starch sugar and not formed from it by fer- 
mentation. Being incapable of fermenting, it remains unchanged in fermented 
liqnors. 

COST AND VALUE OF STARCH SUGAR. 
[J. pr. Ch. XI, 185, 1837.] 

A " wispel" of potatoes makes 500 pounds of green starch ; 250 pounds of this starch 
-will make 1 hundred- weight of dry sugar, worth, in Berlin, 13 or 14 thalers ($10.50). 

The waste is used for fodder, and covers the expense of fuel, labor, &c. 

Starch sugar is used by bakers and brewers, and to improve wines, to make arti- 
floial wines and liquors, and the cost of manufacture is 4 groschen (3 pfennigs) per 
100 poonds of patat^es. 100 pounds of potatoes are worth 16 to 18 groschen (40 to 45 
cents). 

a. Mi8. 8S 7 
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FORMX7LA FOR STARCH SUGAR. 
[Peligot (1838). C.S..YL.23S; J.pr.Cli.XIII,p.B80; J.pr.Ch. Xiy,p.84.] 

He made a barium, lead and Na CI compoand and dednced these formulas: 

Crystallized sugar C48H48O8i,7H80 

fiagar dried at 100° C^H^Oji, SHgO 

Saccharate of baryta C48H48Oai,3Ba0,7Hj0 

fiaccharate of lead C^gEUsOsi, 6PbO 

Salt and sugar C48H«O8i,Cl2Na,5Hj0 

Salt and sugar, dried at 130^ C48H43OS1, ClsNa, 3HgO 

DKCOMPOSITIOX OF GRAPE SUGAR BT PEROXIDE OF LEAD. ^ 

[A. SttLrenburg (1839). Ann. Ch. PhArm., XXIX, 291.] 

The oxide bf lead was stirred into water and heated to boiling, then the sugar added 
until the brown color had nearly disappeared. Carbonic acid was eyolved, and an 
odor of formic acid noticed ; carbonate of lead alone remained. 

One atom sugar forms 4 atoms water. 

One atom sugar forms 2 atoms CO3. 

One atom sugar forms 2 atoms formic acid. 

One atom sugar forms 8 atoms of the three. 

Cane sugar suffered a similar change, but more slowly. 

ACTION OF CONCENTRATED SULPHURIC ACID ON STARCH SUGAR. 

[Peligot (1839). Ann. Ch. Pharm., XXX, 78.] 

If 1 part crystallized starch sugar is melted in a water bath and 1^ part concentrated 
sulphuric acid added slowly with cooling, an acid is formed which forms with oxide of 
lead a white salt. Author calls it saccharo-sulphnric acid (Zuokerschwefelsaure). 

DIGESTION OF STARCH. 

[J. Yogel (1841). Valentine's Rep., 1841, 293 ; Pharm. CentrL 1842, 48.] 

The author thinks that the fact obserred by Leuchs and confirmed by Hnenefeld, 
that saliva is able to convert starch into sugar, is of little consequence in digestion, 
because unchanged starch is often present in the stomachs of men and animals. 

FERMENTABILITT OF THE SUGAKS. 

[H. Rose (1841.) Pogg. Ann. LII, 293 ; Ann. Ch. Pharm., XL, 324.] 

If equal weights of cane and grape sugar are dissolved in equal parts of distilled 
water, and small but equal quantities of yeast added, at 20° C, the former begins to 
ferment at once, and in a few days it is finished. The latter can be kept for months 
at 25P or 30°. To bring both into equal fermentation seven or eight times as much 
yeast must be put in the cane sugar solution as the excess is required to convert it into 
grape sugar. Grape sugar is the only directly fermentescible substance, and cane 
sugar is more easily converted into grape sugar than any other vegetable substance, 
and this is best accomplished by tartaric acid or argol. 

OPTICAL PROPERTIES OF SUGARS. 
[Ventzke (1842). J. pr. Ch. XV, 65.] 

Describes his polarizing apparatus (illustr.) and its uses. 

Fruit sugar, uucrystallizable sugar, always turns to the left. It is found in sweet 
fruits (grapes), and honey is formed from other sugars by acids, from cane sugar (and 
probably milk sugar) by the action of ferments. 
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Giape sagar, in urine, in solid honey, action of acid or diastase on amylon, acids <m 
cane sugar, in many sweet fruits. 
A table is given for ten sugars, showing the rotation in tube 234 millimeters long. 

INFLUENCE OF WATER AND HEAT ON 8UGAB. 
[SonbeiTma (1842). Jour de Pharm., 1842, pp. 1 mod 89 ; J. pr. Chem., XXYII, p. 298. ] 

His experiments proved the stability of crystallized grape sugar under the influeno« 
of water and heat and of acetic acid ; but it is easily decomposed by alkalies. 
Uncrystallizable (inverted) sugar is decomposed by acetic acid and by alkali. 
Optical tests employed. 

GLUCOSE FERMENTATION. 
[Bonohftrdat (1846). Ann. Chim. Phys ; Ann. Ch. Pharm., LIX, 80. ] 

Diastase acts most powefully on starch paste, but is not the only thing which will 
convert starch into dextrin and glucose. He gives a list of these substances, such aa 
yeast, germinated grain, membranes, 6lc, 

Effect of reagents on the action of diastase : Nitric, sulphuric, phosphoric, hydro^ 
chloric, oxalic, tartaric and citric prevent the action of diastase entirely. Fixed alka* 
lies also prevent it ; also chlorine and bromine. Sulphate and acetate of copper and 
corrosive sublimate prevent ; calomel not. Nentral chlorides of calcium, barium, stron . 
tium, and ammonium do not. Sulphate, acetate, borate, phosphate, and iodide slightly 
check it. Alkaloids have little influence. Alcohol, ether, essential oils, and creosote 
have no effect. 

CONVERSION OF CANE SUGAR INTO A SUBSTANCE ISOMERIC WITH CELLULOSE. 
[Tilley & Maclagan, PhiL Mag., 1846 ; Ann. Ch. Pharm., LX, 263.] 

When the mixture of sugar, water, tartaric acid, and etherial oils used for lemonade 
stands a long time it forms a thick, sticky substance of the same composition as cellu- 
lose. 

ON GLUCOSE (maltose). 
[Dabmnfant (1847). Ann. Chim. Phys., XXI, 178; J. pr. Ch., XLII, p., 425, 1847.] 

Dumas gives this name to different sugar-like products that crystallize in worts. 
Those from fruit, honey, or diabetic urine, or made by the action of acid on starch or 
.wood fiber, are identical. 

When made by the action of malt on starch it has a greater rotary power. It seema 
to crystallize in rhombohedra, is less soluble in alcohol, and less affected by alkalies. 
It is converted into glucose by boiling with acids. 

GLUCOSE, 
f Dnbronfftnt (1847). Ann. Chim. Phys., 1847, p. 1879 ; Ding. J., CVII, 358.] 

Glucose made by action of malt on starch is less soluble than that from grapes, and 
less affected by boiling with water or alkali. Its rotatory power is three times aa 
£^reat, but changes with the time. If boiled long enough with sulphuric acid, forms 
A sagar identical with grape sagar. It is the first product of the action of acids on 
4itarch and the end product of the action of glutinous nitrogenous materials. 

Jacquelin and Blot's starch sugar with double rotation is a mixture of two kinds of 
glucose with single and triple rotation. 

DETECTION OF STARCH SUGAR IN CANE SUGAR. 

rCheyallier (1848). J. Chim. Med., Mar. 1848; Ding. J., CYUI, 319.] 

20.0 grams water. 
10.0 grams sugar. 
0.5 grams caustic potash. 



100 REPORT NATIONAL ACADEMY OF SCIENCES. 

Heat in a porcelain dish on the open fire. 
Cane sugar turns g^reenish-yellow. 
Mixed sugar turns coffee brown. 

DETECTION OP ADULTERATIONS OF SUGAR WITH GLUCOSE. 
[Reich (1848). J. pr. Ch., XLIII, p. 71.] 

Evaporate and add concentrated Hi804 in slight excess ; filter ; add BaCOs ; filter, 
and if dilute H3SO4 gives a precipitate there was sulpho-saccharic acid formed. 
Another test is potassium bichromate ; also cobaltic nitrate. 

COMPOSITION OF HONEY. 
[Soabeiran (1849). J. Pharm. Chim., XYI, p. 252; J. pr. Chem., XLTX, p. 65.] 

Honey consists of three kinds of sugar. 
The first is kriimel sugar. 

The second is a liquid sugar, similar to that made by the action of aoid on cane 
sugar, but has nearly twice its rotatory power to the left. 
The third can be inverted, but turns light to the right. 

INVERT SUGAR, HONEY, AND RAISINS. 
[Dabnmfaat (1849). C. B., XXIX, 51 ; Ding. J., CXn, 887.] 

1. Sugar made from cane sugar by acids or ferment is a mixture of equal equiva- 
lents of crystal lizable grape sugar, C13H13O13, and an uncrystallizable sugar of the 
same composition ; rotates to the left, &c. 

2. Honey, when fresh, contains varying quantities of cane sugar, all being in the 
liquid part ; it disappears in time under the action of a natural ferment. Character- 
istic flavor due to substances developed by the alcoholic fermentation. Contains 20 to 
^ per cent, glucose. Every honey contains a large quantity of fruit sugar, also aa 
excess of glucose or other dextra-rotatory sugar. Its purgative properties are doe to 
the liquid sugar. 

3. The dextro grape sugar on raisins is due to decomposition of the fruit sugar, from 
fermentation, insects, &c. 

ACTION OF WATER ON SUGAR. 
[Mftimieii6, C. B., 1854, XXXTX, 422; Ding. J., CXXXV, 69.] 

1. The purest cane sugar dissolved in pure water is gradually changed into imory»* 
tallizable sugar, even in the cold. 

2. Heat favors this change. 

3. Glucose and gum suffer no change. 

4. This change takes place in the beet itself. 

5. Organic acids do not perceptibly aid it. 

6. The effect of the water must be taken into account in the analysis of sirupsy &o. 

7. Soubeiran's table (C. R. ), Ding. J., CXIX, p. 146, cannot be employed. 

8. The binoxide of potassium is not reliable (Ding. J., CXXY. 292). Dextrin is not 
always present in commercial glucose. 

9. Caustic potash is not infallible, for most sugars are browned by it. 

10. Hence it is necessary to measure the actual quantity of crystallizable angai by 
rystallizing over lime or sulphuric acid. 

FRUIT SUGAR FROM VEGETABLE MATTERS. 

[Melsens, Genie ind., 1855, p. 106; Ding. J.. CXXXVIU, 426.] 

The author uses leaves, straw, rags, chips, twigs, and residues from breweries, dift- 
tilleries, Ac, by heating in a lead-lined autoclave with water containing 2 to 5 per 
cent, of acid. Also lets them soak in acidified or alkaline water previous to treatmoiti 
or lets them putrefy, as in the old way of making -i^tt^et. 



REPORT NATIONAL ACADEMY OF SCIENCES. 101 

ADULTERATED GLUCOSE. 
[L. OaU. Polyt Ifotiz., 1866, No. 4 ; Ding. J., CXXXIX, 468.] 

Author says that there was in the market a sort of grape sugar, sold at 8 thalers 
per cwt., for "improving wine," which imparts to the wine a had taste. 

Test — Dissolve in warm water; then cover the vessel andhoil; on removing the 
oover a vile odor is noticed. Pure glucose gives no odor. 

ON THE USB OF THE WORD GLUCOSE. 
[Blot (1856), in C. R., XLH, 351; J. pr. Ch., LXVUI, 429.1 

This word was originally used for starch sugar only, and should not he applied to 
all solid sugars, or to suhjects differing in chemical, physical, and crystallographio 
properties. Three different sugars made from starch : 

No. 1, rotatory p6wer of 51.13 right. 

No. 2, rotatory power of 1.54 right. 

No. 3, rotatory power of 100.57 right. 

CHANGE IN THE ROTATORY POWER OP GLUCOSE. 
[Beohamp (1856). C. B. XLII, p. 896, 1856, J. pr. Ch. LXIX. 433.] 

The change is attributed to a gradual conversion of crystallized into nncrystalliz- 
sble sugar. 

He also concludes that there are two definite modifications of anhydrous starch sn^ 
^ar, Ci3 His Ois. One of these melts easily at 100^, and has a rotation of nearly 57^.3 
which is unchangeable. The other does not melt at 100^, has a variable rotation 
which tends to approach (with the time) 57^.3. 

CONVERSION OF MANNITE AND OP GLYCERIN INTO A TRUE SUGAR. 
[Berttielot (1857). C. B. XLIV, 1002, J. pr. Ch. LXXI, 507.] 

Various substances will produce this change, but only one will do so regularly at 
jjl times, viz, the membrane of a testicle (man, cock, dog, or stallion). 
Formation of Penoillium glaucum is a hindrance. 

ACTION OP WATER ON CANE SUGAR. 
[Bechamp (1850). C. B., XLYI, p. 44; Ding. J., GXLIX, 207.] 

A solution of cane sugar in pure water kept 17 months and changed from 229 to 
1°.5 in rotatory power, and mold formed. When creosote or corrosive sublimate 
were added, it lost none of its rotatory power. A solution in boiled dislilled water, 
protected from the air, sufferered no change. 

Cold water alone cannot invert cane sugar; the conversion is due to a sort offer, 
mentation. 

PREPARATION AND PROPERTIES OF GLUCOSE. 
[E. F. Anthon (1859). Ding. J., CLI, 213.1 

1. Percentage of water. — Anhydrous glucose dried at 100° C, is Cn Hu On. Or- 
dinary air dried (krUmelige) is Cia Hia On + 2 H O. Author has prepared hard crys- 
tallized glucose, which contains Cjs His O13 4- H O. 

2. Solubility in water. — One hundred parts of water dissolves 81.68 parts of the an- 
hydrous sugar at 15° C ; or 89.36 parts of the sugar with one molecule water ; or 97.85 
parts of the sugar with two molecules water of crystallization. 

3. Action of aoid on starch. — ^Not all the starch has been converted into glucose when 
the iodine and alcohol tests give no reaction ; that is no time when there is nothing 
hut grape sugar in solution. 

4. On the purity of commercial grape su^ar and its tests. — Author determined percent* 
age of foreign matter by the specific gravity of the saturated solutions and givea^ 
table. 
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GRAPE SUGAR FROM WOODT FIBER AND CELLULOSE. 
[J. Pelonse, C. R., Feb. (185Q). Ding. J., CLI, 884.] 

Author found that when wood fiber is boiled a long time in water acidified with 
hydrochloric or salphuric acid it is conyerted into sugar. Paper, old linen, sawdast, 
«to., are also conyerted into sngar. 

SUGAR FROM GLTCOGBK OF THE LIVER. 

[Berthelot & De Laca (1850). C. R. XLIX, 213, J. pr. Ch. LXTXT, 188.] 

The sngar was made by the action of dilute H 01 on glycogen from a rabbit's liyer. 
It was combined with Na CI to form 2 C13 H13 Ois 2 HO Na CI which is identicftl 
with that which grape sugar forms. 

ox THE COXVERSIOX OF STARCH INTO GRAPE SUGAR AND DEXTRIN. 
[F. Hnacolaa (1860). Ann. Chlm. Phyv.. 203, Ding, J., CLVni, 424.] 

1. Diastase has no action on dextrin. 

2. Grape sngar and dextrin appear simultaneously and in constant proportions. 
1:2. 

3. Dilute acid acts like diastase. 

4. Here too dextrin and sngar both appear together. 

CONVERSION OF AMYLACEOUS SUBSTANCES INTO GLUCOSE AND DEXTRIN. 



« 



LF. Hasculns (1860). C. B., L., 785, J. pr. Ch. LXXXV, 243.] 

Author does not think the starch is first conyerted by dilute acid into dextrin and 
then hydrated to form glucose. 

1. Diastase does not act on dextrin. 

2. Glucose and dextrin appear simultaneously and always in the same relatiye pro- 
portions, 2 : 1. 

3. At first diastase acts like dilute acid, but its action continues after the stardii has 
disappeared, but acts very slowly then. 

4. Dextrin and glucose appear in the same proportions whether diastase or glucoie 
is used. 

1. After iodine produces no blue color, and alcohol no precipitate, there is still 
nnfermentable dextrin present in considerable amount. 

2. One minute's boiling with acid has no effect on dextrin, but inverts all the cane 
sugar. 

3. A large quantity of starch passes into beer in the form of dextrin. 

4. There is great loss in making alcohol from grain by use of diastase = two-thirds 
loss. 

CONVERSION OF STARCH INTO SUGAR. 
[T. Mnsonlas (1860). C. R. LIV., 194; Ding. J. , CLXTV, 150 ; Reply to Payen in C. S. Lm, 1217.] 

Under the influence of sulphuric acid starch splits up into dextrine and sugar, ab- 
sorbing water, just as fats take up water and split into glycerine and fatty acids. 
All glycosides do the same. 

SOLUBILITY OF PURE GRAPE SUGAR IN ALCOHOL. 
[E. F. Anthon (1860). Ding. J. CLV, 386.] 

The sngar was perfectly pure and contained but 0.2 per cent of water. At 14^ B. ^ 
17 1° C. one part of sugar dissolves in — 

50.54 parts alcohol of ••• 0.837 

11.34 parts alcohol of 0.980 

5.25 parts alcohol of 0.910 

^C7 pArtB alcohol of *•• 0.950 



REPORT NATIONAL ACADEMY OP SCIENCES. 105 

The solability is not proportional to the amount of water in the alcohol. 
At the boiling point — 

100 parts alcohol 0.837 dissolves 21.7 sugar. 

100 parts alcohol .0.880 dissolves 136.7 sugar. 

1 part sugar dissolves in 4.6 of alcohol at 0.837 

1 part sugar dissolves in 0.73 of alcohol at 0.880. 
After standing standing six days 2.9 parts so gar were held in solution by 100 of al- 
oohol of 0.837 aud 12.4 in solution by 100 of alcohol of 0.880. 

ON THE SUGAR IN ACID FRUITS, 
[k. Bnignet (1860). C. R. LI, 894; J. pr. Gh. LXXXYI. 493.] 

Cane sugar is usually present io acid fruits, and during the ripening is gradually 
inverted. In ripe fruits there is either a variable mixture, as in pine apples, apri- 
cots, peaches,, apples, pears, etc., or it consists entirely of invert sugar, as in figs, cur- 
rant-s, and grapes. The cause of diiference does not depend on the acidity, but seema 
to result from a nitrogenous body that acts like a ferment. 

PRODUCTION OF DEXTRIN AND GLUCOSE FROM STARCH. 
[A Payen (1861). C. R. LI II, 1217; Ding. J. CLXIV, 144.] 

1. Author obtained 51 to 83.6 per cent, glucose in three and one-half to five hours 
with 3 per cent, sulphuric acid. 

2. Obtained 34 per cent, sugar from commercial dextrin under like conditions. 

3. Hydrochloric acid more active than sulphuric producing 62^ to 85^ per cent, 
glucose. 

4. Fiber of wood yields glucose (hence alcohol) anda fiber suitable for paper, when 
treated with hydrochloric acid. 

5. After the glucose had been removed from a mixture of the same with dextrin, 
the latter was easily saccharified by diastase. 

6. Beer yeast will not ferment dextrin. 

7. Starch paste yielded 52.7 per cent, sugar with diastase^ — ^not 87.9. 

8. When the maximum yield is obtained the sirup will not crystallize. 

9. Starch cannot be converted into dextrin by diastase without forming sugar. 

10. Diastase will act below 10^.5 or zero C. 

11. Found 0.31 per cent, gypsum in sirup, 0.50 in glucose sugar. 

ACTION OF OZONE ON GLUCOSE. 
[Gtorap-BesaneE (J863). Ann. Ch. Pharm, CXXY, 211.] 

A solution of grape sugar is not perceptibly changed by ozone until potash or 
soda, or even carbonate of soda, is added. When the action is ended nothing re- 
mains but carbonic acid and formic acid. 

Cane sugar is oxidized far more slowly in alkaline solution, but yields the same 
products. 

ACTION OF NITRIC ACID ON LEV0GLUC08E. 
[Hornemann (1898). J. pr. Ch. LXXXIX, 301.] 

The pure levoglucose was made from inulin by long boiling in dilute nitric acid. 
This sugar was purified, and polarized strongly to the left. 

After acting on it with nitric acid sp. g'r. 1.40 it was entirely converted into ra» 
oemio acid (traubensaure) which is inactive. 

ACTION OF DIASTASE ON STARCH. 
[A. Payen (1865). Ann. Chim. Phys., 1865, p. 288, Ding. J. CLXXYXII, 69.] 

1. Author has proved that diastase acts on dextrin and is able to partially convert 
it into grape sugar (krilmel}. 
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2. Diastase aoting on starch oan produoe dextrin and gvA^ sogar in Tarying pro- 
portions within the limits of 17 to 50 per cent, or more of sugar in the total prodaot. 

3. In making alcohol from grain, all of the starch excepting a few per cent, is gradu- 
ally converted into sugar and alcolioi. 

ACTION OF WATER AND NEUTRAL SALT SOLUTIONS ON CANE SUGAB. 

[W. L. Clasaen (1868). J. pr. Ch. Cni., 449.] 

1. Cane sugar is gradually changed into glucose hy pure water at ordinary tempera- 
tures without perceptible mold. 

2. Some salts like gypsum, potassium nitrate, &c., prevent this inversion ; sulphate 
of magnesia retards. 

3. If left in contact with these salts for several days, then heated to 70^ R. a few 
hours, rapid inversion occurs. 

4. If the heating to 70^ is done as soon as they are mixed this inversion does not 
take place, except with gypsum. 

5. Experiments can only last a few days as it begins to mold. 

His results contradict those of Bechamp regarding the action of pure water. 

MALTINE. 
LDabranfaut (1868). Lea Mondes, XVT, 317, Ding. J., CLXXXYII, 491.] 

Author applies this name to the active substance precipitated from malt extract by 
tannin. 

It is more active than diastase. 

Malt contains 1 per cent, of this substance. 

It is nitrogenous like albuminoids, rotates light to the left, and is injured by heat 
and chemicals. 

It is precipitated by 87 to 97 per cent, alcohol. 

It is best prepared by extracting the malt cold, or at 30^ C, with four or five parts 
of water, repeat, then add sumach, tanning liquid, or other astringent. 

Press in linen bags. 

WHY DILUTE SUGAR SOLUTIONS FERMENT BETTER THAN CONCBNTRATBO ONES. 

[J. Wie«ner (1869). J. pr. Ch. CVI, 252.] 
y 
The rapid withdrawal of water from yeast cells kills all except the younger, unde- 
veloped cells. The effect of very concentrated solutions is to withdraw water from 
the cells and injure them. 

The activity of the yeast depends on the imbibition of water by the protoplasm of 
the cell and is in inverse proportion to the concentration of the sugar solution. 

PROPORTIONS OF LEVULOSE AND DEXTROSE IN INVERTED SUGARS. 
[Manmen6 C. K. (1869) LXIX, 1008; J. pr. Ch. CVIEI, 315.] 

Author found 12.14 per cent, dextrose, 87.86 per cent, levulose; total 100. 

The two were separated by combining the dextrose with sodium chloride and evap- 
orating until it crystallized. Can also be separated by spreading the invert sugar 
that has been dried at 100° C, on a plate of gypsum. 

Author does not think this dextrose identical with that from urine. 

ESTIMATION OF GLUCOSE, ETC. 

[C. H. GiU (1871). Berl. Ber. IV, 283.] 

Basic acetate of lead when used to decoloriz 3 the liquid has a perceptible effeot on 
the rotatory power of the levulose, but not of dextrose. 
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PBODUCTION OP LACTIC ACID FROM SUGAR WITHOUT FERMENTATION. 

[Hoppe-Seyler (1871). Berl. Ber. IV, p. 346.] 

One pound of grape sngar aad one-half liter caustic soda sp. gr. 1.34| diluted with 
one-half liter water, heated in a large retort to 96^. Violent reaction set in and tem- 
perature rose to 116^, without evolution of gas. The product contained lactic acid. 

CONVERSION OF GLUCOSE INTO DEXTRIN. 

[Muscalus (1872). Berl. Ber. V, 648.] 

If grape sugar is dissolved in cooled, concentrated sulphuric acid, then alcohol added 
and left in a cool place, a white substance slowly separates, which exhibits the prop- 
erties of dextrin, but has double the rotatory power of grape sugar. 

ACTION OF SALIVA ON STARCH. 

[H. A. Smith (1873). Sugar Cane, V, 448.] 

Author's experiments prove that the saliva of an infant, four or five months old, has 
no action whatever on insufficiently cooked arrow root, but healthy adult secretion 
has considerable transforming power but the sugar is carried into lactic acid. 

Healthy adult saliva entirely transforms well boiled starch in the shortest space of 
time, while infant saliva causes no change for ten minutes. 

Infants can only transform 12 per cent, of starchy food in two hours, and even this 
is changed into injurious lactic acid. 

MALTOSE. 

[E. Scholze (1874). Berl. Ber. VII, 1048.] 

'The author's results resemble those of O'Sullivan. The diastase was precipitated 
from an aqueous extract of malt by alcohol, and mixed with starch paste at 60^. The 
saccharine liquid was evaporated to small volume and alcohol added. The precipitate 
resembles dextrin. The solution was decanted, evaporated to a sirup, and boiled 
with strong alcohol. When cold the clear solution was poured off and allowed to 
evaporate over sulphuric acid. It separated as a syrup, but afterwards turned to a 
mass of crystals. 

A SUBSTANCE ISOMERIC WITH SACCHAROSE. 
iGautier (1874). Boll. Soo. Ch. (2) XXII, 145; Berl. Ber. VH, 1549.] 

A new substance incapable of fermentation (CnHzzOn), made by the action of gas- 
eous hydrochloric acid upon a cooled alcohol solution of grape sngar. It is a white 
eubstance resembling dextrin, of bitter taste, solable in water and alcohol, dextro- 
rotatory, and reduces copper solutions. 

Heated with water to 16(P forms asugar, CeHizOe that will not ferment, but reduces 
Fehling's solution. 

CONVERSION OF GLUCOSE INTO LACTIC ACID. 

[Maly (1874). Berl. Ber. VH, 1567.] 

When a dilute solution of cane, grape or milk sugar, or dextrin is kept at 20 to 40<^ 
C, and chopped mucous membrane of swine stomach added, lactic acid is formed, 
and by neutralizing it from time to time, taking care never to made it alkaline, acid 
will continue to form as long as any sugar remains. It was identical "^ith lactic acid 
from fermentation, but contained some sarco or para lactic acid. The proportions 
varied. It is attributed to an organized ferment in the dead tissue. Living stomachs 
he says, cannot convert carbo-hydrates into lactic acid. 
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CONVERSION OF SUGAR INTO LACTIC ACID.| 
[Gay-LnsAM (1874). C. R. Ding. Jour. LXXIV, 80.] 

Author refers to Fremy's preparation of lactic acid by means of the membrane of ft 
cairs stomach, and says it seemed to be a purely organic action. Lactic acid is pro- 
daced in large quantity when sagar is in contact with a large qnantity of nitrogenons 
organic matter at a temperature of 30 or 40^ C. Lactic acid is often formed when a 
vegetable substance is in contact with an animal one. 

INVERT SUGAR. 

[Maaineii6 (1875). Berl. Ber. Vm, (t98.] 

Author thinks that invert sugar is a mixture of glucose with a levulo-rotatory su* 
gar which he calls chylariose and a neutral or inactive sugar. The relative propoi- 
tions vary with the conditions of inversion and other treatment. 

UNFERMENTIBLE BODY IN GRAPE SUGAR. 
[Neabaner (1875). Berl. Ber. Yin, 1285.] 

An average of thirteen analyses of commercial grape sugars showed 16 to 20 per 
cent, of a substance that does not ferment and rotates more strongly to the right than 
pore grape sugar. It is not dextrin, but an unknown body between sugar and dextrin. 

After fermenting a 10 per cent, solution of grape sugar with fresh beer-yeast filter- 
ing and evaporating, a brown sirup remains having a repulsive taste. 

ACTION OF SALIVA ON STARCHES. 
Lenberg and Georgiewsky (1876). BerL Ber. IX, 76.] 

Other circumstances being the same, it takes less time to convert potato starch into 
sugar than commeal, rice, or wheat starch. Soluble starch is like potato starch. 

INACTIVE GLUCOSE. 
fMiintz (1876). BerL Ber. IX, 351.] 

Author found in sugar cane that had been kept a long time an uncrystallizable 
glucose that was inactive toward light. It ferments slowly. Also found mannite. 

DEXTRIN IN COMMERCIAL STARCH SIRUPS. 
[Fr. Anthon (1876). Ding. J., CCXIX, 437.] 

A sample of Bohemian sirup consisted of— Percent 

Grape sugar 48.3 

Levulose sugar 6.2 

Dextrin 9S.5 

Water 30.0 

A French sirup consisted of— 

Grape sugar 30.1 

Levulose sugar 5.0 

Dextrin 48.0 

Water 16.9 

A German simp contained no dextrin and 50 per cent, sugar. 

ACTION OF DIASTASE AND DILUTE SULPHURIC ACID ON STARCH. 
[Mnscnlus and Gmber (1879). G. B. LXXXIX, p. 1459 ; BerL Ber. XII, 287.] 

Substances formed are as follows : 

Soluble starch ; red with I rotat. a=218°; redq=-|- 6 

£ry throdextrine ; red with I 

Achroodextrine a, colorless I ..rotat. a=2l0^; red=s 13 
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A^chroodeztrine y5 rotat. a=190°; red= 12^ 

Aohroodextrine X rotat a;=:150^ ; Ted= 28 

Maltose, Cm Hm ^>ii -f H, rotat. a=lb(P; red= e& 

Qlycose, CtHiaOe + Hs O rotat. tt= 56°; red= 100' 

NATURE OF THE INACTIVE GLUCOSES IN CRUDE CANE SUGAR AND MOLASSES. 

[Gayon (1879). C. B. LXXXYI, 407; Berl. Ber.^XII, 371.] 

If pure Muoar ciroinelloides is put in a liqaid containing cane sngar, and a mixture 
of glacoee and levnlose in such proportions as to neutralize each other, so that the 
rotation is due to the cane sugar, the rotatory power will decrease gradually (inver- 
aion) to a certain point, and then increase to the original value. In the fermentation 
of invert sugar the glucose is destroyed before the levnlose. Gayon added this mucor 
to cane sugar containing inactive glucose, and observed the same effect, showing the 
inactive glucose has split into dextro and levulo-glucose. 

CAUSES OF THE INVERSION OF CANE SUGAR AND DECOMPOSITION OF GLUCOSE. 

[Darin (1879). C. B. LXXXYI, 754 ; BerL Ber. Xn, 871.] 

There are three factors that effect the partial change of cane sugar in glucose, viz, 
temperature, quality of the water and of the air. 

If solutions of pure sugar and of sugar with 2, 3, 8 to 60 per cent, glucose are ex* 
XK>sed for 30 or 40 hours to a temperature of 70^ or 75^, while the alkalinity is main- 
tained by the addition of a thousandth part of potassic hydrate, none of the sugar is 
converted into glucose. If the solution is kept at this temperature for 75 to 114 hours^ 
the alkalinity disappears, and inversion begins. The optical activity of the glucose 
solutions is decreased and the alcoholic fermentation is slower and less perfect. 

CONVERSION OF STARCH INTO SUGAR BY DIASTASE AND CARBONIC OXIDE. 

[Baswitz (1879). Berl. Ber. XH, p. 1827.] 

Some kinds of starch cannot be converted into sugar by diastase without the aid 
of carbonic acid, but other kinds can. Probably the latter are less pure than the for- 
mer, the impurity supplying the place of the carbonic acid. 

Pressure has no effect. 

Best temperature is between 45^ and 55^ (near 50^). Above 60^ very little sugar is- 
formed ; at low temperature the sugar forms more slowly, 'but finally reaches the same 
quantity. 

Concentration, — More sugar is formed when more concentrated, but not a larger per 
centage referred to the quantity of starch. 

MALTO-DEXTRIN. 

IHerzfeld (1879). Berl. Ber. XU, 2120.] 

Author found that when diastase acts on starch the best results are obtained below 
65° C. Above that point there is, in addition to maltose, another substance formed 
which dissolves in weak alcohol but is not crystallizable. Rotatory power a =173.4 
to 169.9. He calls it malto-dextrin. He made the acetyl compound. 

SUGAR FROM STARCH. 

[Allilrn (1880). J. pr. Ch. XXH, p. 46 ; BerL Ber. Xm, 1761.] 

The conversion is more rapid and more complete the stronger the acid, the longer 
it acts, and the higher the temperature. Up to 40 or 50 per cent, the conversion ia 
portional to the time, but afterwards slower. Maximum yield 94.5 per cent. 
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ANHYDROUS DEXTROSE. 

[Behr. (1882). Bed. Ber., XV, 1104.] 

Shows that when the solidification of the concentrated simp is produced by drop- 
ping in fragments of anhydrous dextrose instead of the hydrate ordinarily nsed, the 
resulting mass is crystalline and consists solely of anhydrous dextrose. For the best 
result the solution should not contain more than 12 to 15 per cent, of water, and the 
•dextrose present should constitute 85 per cent, of the total solid matter. The tempera- 
ture should be from 30^ to 35° C. If the sirup contain as much as 98 per cent, dex- 
trose the anhydrous product often separates spontaneously. When freed from sirap 
by the centrifugal, anhydrous dextrose resembles cut sugar closely, its sweetening 
power being to that of cane-sugar as 1:1|. 
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Eepoet on Glucose— Continued. 

APPENDIX 5. 

BIBLIOGRAPHY OF STARCH SUGAR. 
[Prepared by E. J. Hallock, Ph. D.] 

LIST OF JOURNALS CONSULTED. 

Annalen Chemie und Pharm. (A. C. P.), vols. 1-219, 1832 to November, 1883, 

Annales Chim. Phys. (A. c. p.), vols. l-{5)27, 1789 to October, 1883. 

Annales d'Hygiene Pub., vols. 1-56; 1854-1881. 

American Cbemist, vols. 1-6; 1870-1876. 

American Journal Med. Sciences, vols., of several years. 

Berichte d. Dentsch. Chem. Ges., vols., 1-16; 1868 to date. 

Balletin Soc. d'Encouragement, vols., 1-81 ; 1802-1882. 

Bulletin Soc. Chim., Paris, vols. 1-33; 1864-1880. 

Comptes Rendus, vols. 1-95; 1835-1882. 

Chemisches Centralblatt, vols. 1-(3)12; 1835-1881. 

Chemical Gazette, vols. 1-14 ; 1842-1856. 

Chemical News, vols. 1-47 ; 1859 to June, 1883. 

Die Chemischen Industrien., vols. 1-4 ; 1878-1881. 

Dingl. Polytech. Journal, vols. 1-249; 1820 to November 21, 1883. 

DuBoisReymond'sArchiv. ; 1878-1883. 

Gren <&. Gilbert's Annalen ; complete. 

Index Medicus, vols. 1-3 ; 1878 to 1879. 

Jahresbericht der Chemie ; 1847-1881. 

Jahresbericht der reinen Chemie, vols. 1-9 ; 1872 to date. 

Jahresbericht der Zuckerfabrik, vols. 1-20; 1862-1880. 

Journal ftir prak. Chemie, vols. 1-1:^2; 1834-1883. 

Journal fUr tech. Chemie, vols. 1-18 ; 1828-1833. 

Journal de Pharmacie et Chim., vols. l-(5)8; 1815-1880* 

Memoires de TAcad. Med., vols. 19-32 ; 1855-1879. 

N. Y. Med. Journal ; 1865-1883. 

Polytechnisches Centralblatt, vols. 1-40 ; 1835-1874. 

Pfluger's Archiv. Physiol., vols. 24-29; 1880-1882. 

Polytechnisches Notizblatt, vols. 27-37 ; 1872-1883. 

Schweigger's Journal, vols. 1-69 ; 1811-1833. 

Scherer's Jour. Chemie, vols. 1-11 ; 1798-1805. 

Schmidt's Jahrbuch Med. ; several years. 

Scientific American, vols. 1-48; 1859-1883. 

Scientific American Supplement, vols. 1-15; 187&-1883» 

Wagner's Jahresbericht, vols. 1-28; 1855-1882. 

Zeitschrift fUr anal. Chemie, vols. 1-21 ; 1861-1883. 
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WASHINGTON: 

GOTERNMEI^T FBINTING OFFIOZ. 

1886. 



LETTER OF TRANSMITTAL. 



National Academy op Soienoes, 
Washington^ D. C, Jcmuary 20, 1885. 

Sib: In conformity with the requirements of the act of incorporation 
approved March 3, 1863, 1 have the honor to submit herewith a report 
of the operations of the National Academy of Sciences during the past 
year. 

Very respectfully, your obedient servant, 

O. 0. MARSH, 
President of the National Academy of Sciences. 

To the President of the Senate. 



REPORT 



or 



THE NATIONAL ACADEMY OF SCIENCES 



The National Academy of Sciences was established by act of Con- 
gress, in March, 1863, with power to frame its own constitution, select 
its own members, and provide in other respects for its continuance and 
successful operation. 

The object of the Academy is to advance science, and especially to in- 
vestigate, examine, experiment, and report on any subject of science or 
art, whenever called upon by any Department of the Government. 

The Academy contains at present about one hundred members, and 
these have all been selected for their original researches in science. 
They represent within their ranks nearly every department of knowl- 
edge, and their services, in accordance with the charter of the Academy, 
are always at the disposal of the Government, without compensation. 

SESSIONS OF THE NATIONAL ACADEMY. 

During the past year, the Academy has held three sessions. The 
first was the regular annual meeting, held in Washington, D. 0., April 
15 to 18, 1884 ; the second was a scientific session, in Newport, R. I., 
October 14 to 17, 1884 ; ^and the third was a special session, in Newport, 
October 15, 1884. 

STATED SESSION. 
Held in Washington City, April 15 to 18, 1884. 

The Washington session was held in the National Museum, the presi - 
dent, Prof. O. C. Marsh, presiding. 
The following members were present during the session : 



Abbe. 


Gilbert. 


Lesley. 


Remsen. 


Abbot. 


Gill. 


Lyman. 


Rowlarid. 


Baird. 


Hall, A. 


Marsh. 


Schott. 


Barker. 


Hall, James. 


Meigs. 


Scudder. 


Brewer. 


Ray den. 


Newcomb. 


Silliman. 


Brush. 


Hilgard, J. E. 


Newton. 


Trowbridge, J. 


Coffin. 


Hill, G. W. 


Packard. 


Verrill. 


Ooues. 


Hunt. 


Powell. 


Wright. 


Ferrel. 


Langley. 


Pumpelly. 


Young. 
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The following named gentlemen were invited to attend the meetings 
of the Academy, and to participate in the scientific proceedings : Baron 
Stmv6, Eussian minister at Washington ; Mr. John A. Eyder, of the 
National Museum ; Mr. H. M. Paul, of the Kational Observatory ; Dr. 
E. M. Gallaudet, of Washington ; Prof. F. W. Clark, of Washington ; 
Mr. J. S. Diller, of Washington. 
' At this session, the following papers were read and discussed : 

1. Gilbert, G. K. — The Snfficiency of Terrestrial Eotation to Deflect River Courses. 

2. Hunt, T. Sterry. — The Origin of Crystalline Rocks. 

3. Vkrrill, a. E. — Zoological Results of the Deep-Sea Dredging Expedition of the 

United States Fish Commission Steamer Albatross. Discussed by Messrs. Gill 

and Brewer. 
4« Remsen, Ira. — The Quantitative Estimation of Carbon in Ordinary Phosphorus. 
6, HiLOARD, J. E. — On the Depth of the Western Part of the Atlantic Ocean and Gulf 

of Mexico, with an Exhibition of a Relief Model. Discussed by Messrs. Lesley, 

Silliman, Powell, and Hunt. 

6. HiLOARD, J. E. — On the Relative Levels of the Western Part of the Atlantic Ocean 

and Gulf of Mexico with Respect to the Gulf Stream. Discussed by Messrs. 
Meigs, Gilbert, and Coffin. 

7. Nkwcomb, Simon.— On the Photographs of the Transit of Venus taken at the Lick 

Observatory. Discussed by Messrs. Langley and Toung. 

8. Remsen, Ira. — Reducti^in of Halogen Derivatives of Carbon Compounds. 

9. Langley, S. P. — The Character of the Heat Radiated from the Soil. Discussed by 

Messrs. Young audNewcomb. 

10. Cope, E. D. — On the North American Species of Mastodon. Read by Mr. Gill. 

11. Gill, Theo., and Ryder, John A. — ^The Characteristics of Lyomerous Fishes. 

12. Barker, George F. — On the Fritts Selenium Cell. Discnssed by Mr. Langley. 

13. Barker, George F. — On a Lantern Voltameter. 

14. Brush, George J . — On the Occurrence of Mercury in Native Silver from Lake Su- 

perior. Discussed by Mr. Silliman. 

15. SiLUMAN, B. — On the Existence of Tin Ore in the Older Rocks of the Blue Ridge. 

Discussed by Mr. J. E. Hilgard. 

16. LooMis, Elias. — Reduction of Barometric Observations to Sea Level. Read by 

home secretary. 

17. Gallaudet, E. M. (by invitation of the Academy). — Some Recent Results of the 

Oral and Aural Teaching of the Deaf ui)der the Combined System. Discussed 
by Messrs. Coues and Hilgard. 

18. Gill, Theo. — On the Ichthyological Peculiarities of the Bassalian Realm. Dis- 

cussed by Messrs. Verrill and Coues. 

19. Paul, H. M. (by invitation of the Academy). — ^The Krakatoa Atmospheric Waves 

and the Question of the Connection between Barometric Pressure and Atmos- 
pheric Electricity. Discussed by Mr. Brewer. 

20. Billings. John S. — Memorandum on Composite Photographs in Craniology. Read 

by Mr. Powell. 

21. Wright, A. W. — Some Experiments upon the Spectra of Oxygen. Discussed by 

Mr. Langley. 

22. Coues, Elliott. — On the Application of Trinomial Nomenclature to Zoology. 

Discussed by Messrs. Gill and Brewer. 

23. Clarke, F. W. (by invitation of the Academy). — Jade Implements from Alaska. 

24. Abbot, H. L. — Recent Progress in Electrical Fuses. 

25. Hilgard, J. E. — Account of Some Recent Pendulum Experiments in Different 

Parts of the World, made in Connection with the United States Coast and Geo- 
detic Survey. 
:^. DiLLBR, J, S. (by invitation of the Academy). — Volcanic Sand that Fell at Un* 
Blaaka October 20, 1883, and CoDBiderations Ooncemiiig its Composition. 
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ELECTIONS. 

The following members were selected for the conncil for the ensuing 
year: Messrs. S. F. Baird, W. Gibbs, J. E. Hilgard, M. 0. Meigs, S. H. 
Scudder, and C. A. Young. 

NEW MEMBERS. 

The following new members were elected : Prof. Edward S. Dana, 
General C. B. Comstock, D. S. A., Prof. Sidney I. Smith, Oapt. 0. B. 
Button, CJ. S. A., and Prof. W. K. Brooks. 

treasurer's REPORT. 

The treasurer presented the following report, which had been exam- 
ined by the auditing committee, Messrs. Scudder, Abbe, and Pumpelly, 
and approved : 

1. General accountf April 16, 1883, to April 14, 1884. 

RECEIPTS. 

Cash balance from last year $230 67 

Dues collected from members 471 50 

Total assets 702 17 

EXPENDITURES. 

Stationery and printing |128 63 

Postage and express 17 37 

Assistant to secretary, April and November 102 78 

Caterer, April meeting 100 00 

Rent of room for library 96 00 

Parchment for diplomas 40 00 

484 78 

Cash balance on hand April 14, 1884 217 39 

Dues from memberis 35 00 

District of Columbia 3.65 bond 1,000 00 

Total assets 1,252 39 

2. The Bachetrutit fund. 

RECEIPTS. 

Cash balance from last year $1, 414 27 

Interest ofUnited States bonds 2,212 72 

Interest from other funds 96 00 

Total 3,722 99 

EXPENDITURES. 

Taxes on Missouri land $5 45 

£. S. Holden, for spectroscopic obserrations on zodiacal light and 

anroras..' 300 00 

305 45 

Balance of income fund, cash 3,417 54 

Add District of Columbia loan, 3.65 percent 4,500 00 

Total 7,917 54 



*» 
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The fund itself, of ^7,550, remains unchanged since the report in April, 1883. 

3. The Wataonfunfi, 

RECEIPTS. 

Cash balance from last year , $644 75 

Interest on United States bonds 279 00 

Dividend on stock of Michigan Mutual Life Insurance Company 469 00 

1, 392 75 

EXPENDITURES. 

Account of solar eclipse of 1883 $100 00 

100 00 

Cash balance on hand April 14, 1884 1,292 75 

The investments remain unchanged. 

4. Tlie Henry Draper medal fund. 

RECEIPTS. 

Received from Mrs. Draper, April 20, 1883 $6,000 00 

Interest on $5,000 Uoited States bond, 4 per cent 200 00 

6,200 00 

EXPENDITURES. 

Expended in purchase of $5,000 United States bond, 4 per cent., 

April 20, 1883 $6,000 00 

6,000 00 

Cash balance Aprill4, 1884 200 00 

J. H. C. COPFIN, 

Treasurer, 

The following report of the committee to examine securities held by 
the Academy was read and approved : 

Washington^ D. C, April 12, 1884. 
The committee, Messrs. Schott and Gilbert, appointed to examine the 
securities in the hands of the treasurer, report that they have examined 
said securities, and find they are as follows : 

1. General fund. 
District of Columbia 3.65 per cent $1,000 00 

^. Baohe trust fund. 

United States loan, 4^ per cent $42,100 00 

United-States loan, 4 per cent 3,850 00 

City of Davenport loan, 6 per cent., coupon 1,000 00 

City of Philadelphia loan, 6 per cent 600 00 

47,550 00 
Also for deed of 160 acres of Missouri lands, and three gold and one bronze medals. 

3. Income of the Baohe fund. 

District of Columbia 3.65 per cent. ($500 of which are coupon) $4, 500 00 
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4. Joseph Henry fund. 

An agreement with the Pennsylvania Company for the insurance on lives, 
and granting annuities, as to the final disposition of the Joseph Henry 
fund of $40,000 00 

5. Henry Draper medal fund. 

United States loan, 4 per cent $5,000 00 

These are all, except where noted, registered in the name of the National Academy 

of Sciences. 
Also the deed of Mrs. Henry Draper granting $6,000 for the Henry Draper medal 

fund. 

6. Watson trust fund. 

United States loan, 4 per cent $6,200 00 

Certificate for 134 shares of capital stock of the Michigan Mutual Life In- 
surance Company, par 6, 700 00 



12,900 00 
RECOMMENDATIONS OF THE TRUSTEES OF THE WATSON FUND. 

The followiDg recommendations of the trustees of the Watson fund 
were adopted by the Academy, upon the advice of' the council (these 
recommendations are based on the present cash balance of $1,292.75, 
and the annual income of present investments, $74f8) : 

1. That the invested fund be increased by the addition of $850.25, so 
that its par value may equal, as near as may be, $13,750.25, the sum re- 
ceived from Professor Watson's estate. 

2. That dies, with suitable designs, be prepared for a medal to be 
awarded from time to time to the person in any country who shall make 
any astronomical discovery or produce any astronomical work worthy 
of special reward and contributing to the progress of astronomy, in 
compliance with the expressed wishes of Professor Watson. 

3. That there be set aside annually the sum of $500, or as much 
thereof as may be necessary and available, to commence work on tables 
of the small planets discovered by Professor Watson, as also expressly 
desired by him in his bequest to the Academy, such work to be under 
the direction of Mr. Kewcomb. 

DONATION BY MRS. J. LAWRENCE SMITH. 

The president announced that the widow of Prof. J. Lawrence Smith, 
late an honored member of the Academy, intended to place at the. dis- 
posal of the National Academy of Sciences the sum of $8,000, as a me- 
morial fund to promote the study of meteoric bodies. 

Upon recommendation of the council, the Academy adopted the follow- 
ing resolution : 

Resolved, That the Academy hears with gratification the annoimoement that Mrs. 
J. Lawrence Smith intends to intrust to it a fund to promote the study of meteoric 
bodies, and hereby signifies its readiness to accept the trust. 
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The Academy also adopted the recommendation of the council ^^ tha t 
the president be authorized to communicate with Mrs. J. Lawrence 
Smith, and make what arrangements are necessary." 

DEATH OF MEMBERS. 

The president announced the death of the following members who 
have died since the last meeting : General A. A. Humphreys, Chief of 
Engineers, TJ. S. A., and Prof. Arnold Guyot, of Princeton, N. J. 

The following members were appointed to prepare obituary memoirs: 

Of General Humphreys : General H. L. Abbot. 

Of Professor Guyot : Professor J. D. Dana. 

MEMOBIAL MEETING. 

On the evening of April 17, the Academy met in the lecture hall of 
the National Museum, for the reading of obituary memoirs, as follows : 
Of General G. K. Warren, by General H. L. Abbot. 
Of Prof. Stephen Alexander, by Prof. C. A. Young. 
Of Prof. J. Lawrence Smith, by Prof. B. Silliman. 
Of Dr. John L. Le Conte, by Mr. S. H. Scudder. 
Of Prof. Lewis H. Morgan, by Mr. J. W. Powell. (Eead by title.) 

RESOLUTIONS. 

On recommendation of the council, it was resolved that the home 
secretary have engrossed, and properly signed, the resolution of thanks 
to Mrs. Draper drawn up at the last stated session, as follows : 

Besohed, That the grateful acknowledgments of the National Academy of Sciences 
are dne to Mi's. Draper for the confidence which she has shown in selecting the Academy 
as the trustee of a fund designed to reward scientific labor, and by so doing to com- 
memorate the services of one who was loved for his virtues, and honored for his emi- 
nent success in the brarch of science to which he devoted his noble and useful life. 

The following resolutions were also adopted: 

Besolved, That the National Academy of Sciences authorize the sale of 160 acres of 
land designated as SE. i of lot 11, township block 34, range 23, in the State of Mis- 
souri, held as part of the estate derived from A. D. Bache, for a sum not less than 
$800; and that the president of the Academy be, and is hereby, authorized and em- 
powered to execute such deed of conveyance to the purchaser, and such other papers 
as may be required, when he shall regard such sale desirable. 

Eesolved, That a scientific session be held at Newport, K. I., the second Tuesday 
(14) in October. 

Besolved, That a special stated session be called for Wednesday, October 15, to con- 
sider the president's report to Congress, and receive reports of committees on subjects 
referred to the Academy by the Government. 

JResolvedf That the proceedings of the Academy that have not already been published, 
together with unpublished biographical notices, be included in the president's report 
to Congress. 

JResolvedf That the treasurer be authorized to reimburse the members of the com- 
mittee on glucose for expenses incurred in that investigation, and obtain repayment 
ficom the Government. 

Besolvedf That the treasurer be authorized to defray the expenses of the present 
session on certification by the president. 
Jlegolved, ThaX the assessment for the ensuing year be |5. 
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CONSTITUTIONAL AMENDMENT. 

The Academy adopted the pending amendment to Article IV, sec- 
tion 4, viz : Omit the words " and foreign associates." 

REPORTS OP COMMITTEES. 

It was reported that the reservation of public lands on and near 
Mount Whitney, California, for scientific purposes, had been established, 
and the committee was continued, with the view to securing and utiliz- 
ing the reservation for the said scientific purposes. 

Mr. Pumpelly was appointed to fill the vacancy in the committee on . 
ways and means to provide a fund for the Academy, caused by the death 
of Mr. J. Lawrence Smith. 

In the committee to co-operate with the National Board of Health, 
Mr. Billings was appointed to take the placeof Dr. Engelmann, deceased, 
and Mr. Brewer to take the place of Mr. J. L. Smith, deceased. 

Mr. Powell was appointed a member of the committee on publica- 
tion. 

The committee to represent the Academy before Congress, and the 
committee on the relation of the Academy to the Government, were, on 
motion of Mr. Hilgard, united under the latter title, so far as names 
were not duplicated. 

The committee on the Henry Draper medal reported progress. 

Mr. Hilgard, on the part of the board of direction of the Bache fund, 
made a statement of the present condition of the fund, explaining the 
policy which had formerly guided the board, and the rules adopted by 
the present board, with the view to having the fund more directly 
applied to distinct objects, the results of which might be published as 
"Memoirs of the Bache Fund." 

The committee on weights, measures, and coinage, the committee on 
the triangulation to connect the Atlantic and Pacific coasts, and the 
committee on publication were continued. 

The committee on questions of meteorological science and its appli- 
cation, the committee on the investigation of glucose for the Depart- 
ment of Internal Eevenue, and the committee on the total eclipse of 
May 6, 1883, were discharged. 

Dr. Joseph Leidy was, at his request, restored to the roll of members. 

INVITATIONS. 

During the session, the members of the Academy were invited by 
Professor Baird, the Fish Commissioner, to call at the central hatch- 
ing station of the Fish Commission, in the Armory building, to wit- 
ness the operation of hatching shad. 

Members were also invited by the Standard Underground Cable Com- 
pany, through its vice-president, Mr. E. S. Waring, to^ examine the 
underground electric cables laid for the use of the Departments and 
extending to the National Museum. 

The Academy adjourned April 18, 1884. 
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SCIENTIFIC SESSION. 
Held at Nkwport, R. I., October 14 to 17, 1884. 

A scientific session, for the reading of papers only, having been 
called by the council, as announced at the April session, the Academy 
convened at the court house, ITewport, R. I., on October 14^ 1884. 

The president. Prof. O. C. Marsh, presided. 

The following members were present during the session : 



Abbot. 


Cope. 


Langley. 


Powell. 


Brewer. 


Dana. 


Marsh. 


Pumpelly. 


Brush. 


Gibbs, W. 


Morse. 


Rogers. 


Ooffin. 


HaU, A. 


Packard. 


Scudder. 


Oomstock. 


Hilgard, J. E. 


Peirce. 


Walker. 


Cooke. 


Hill, Henry B. 


Peters. 





The following gentlemen were invited to attend the meetings and to 
take part in the scientific proceedings : Prof. Edw. B. Tylor, of Oxford, 
England ; Dr. W. Valentiner, director of the observatory at Karlsruhe, 
Germany; Hon. George Bancroft ; Lieut. A. W. Greely, U. S. A. 

The following papers were read and discussed : 

1. Cope, E. D. — On the Columella Auris of the Pelycosauria. Discussed by the 

president. 

2. Packard, A. S. — The Brain of Asellus and the Eyeless Form of Cecidottea. Dis- 

cussed by Messrs. Scudder, Packard, and Brewer. 

3. Gibbs, Wolcott. — On the Theory of Atomic Volumes. Discussed by Mr. Peirce. 

4. Gibbs, Wolcott. — On the Complex Inorganic Acids. 

5. BoOERS, Fairman. — Notice of Muybridge's Experiments on the Motions of Ani- 

mals by Instantaneous Photography. Discussed by Messrs. Brewer, Cope, Pow- 
ell, Rogers, and the president. 

6. Rogers, Fairman. — Notice of Grant's Difference Engine. Discussed by Messrs. 

J. E. Hilgard; A. Hall, Rogers, Peters, Coffin, and Comstock. 

7. Dana, E. S. — On the Thiuolite of Lake Lahontan. Discussed by the president 

and Mr. Brewer. 

8. Pumpelly, R. — On the Mesozoic Coals of the Northwest. Discussed by Mr. 

Powell. 

9. Pumpelly, R. — On the Work of the Northern Transcontinental Survey. Dis- 

cussed by Mr. Powell. 

10. Brewer, W. H. — The Grasses Mechanically Injurious to Live Stock. Discussed 

by Messrs. Powell, Brewer, Cope, Peters, and the president. 

11. Peirce, C. S. — Ou Gravitation Survey. 

12. Peirce, C. 8., and Jastrow, J.— On Minimum Diiferences of Sensibility. Dis- 

cussed by Mr. Powell. 

13. Peters, C. H. F. — Researches on Ptolemy's Star Catalogue. 

14. Powell, J. W. — On the Operations of the United States Geological Survey. 

15. Hall, A. — The Motion of Hyperion. 

16. Tylor, E. B. (by invitation of the Academy).— Remarks on the Civilization of 

the Native Peoples of America. Discussed by Messrs. Powell, Cope, J. E. Hil- 
gard, and Brewer. 
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17. Yerrill, A. E. — Some Resalts of the Exploration of the Deep Sea beneath the 

Gulf Stream by the United States Fish Commission Steamer Albatross, during 
the past Summer. Read by Mr. Pumpelly. 

18. Abbot, H. L. — Recent Progress in Explosives. (Read by title.) 

19. Pumpelly, R. — On an Experimental Composite Photograph of the Members of 

the Academy. Discussed by Mr. Brewer, the president, and Messrs. Powell, 
Cope, and Peirce. 

20. Valentiner, W. (by invitation of the Academy). — Report on Meridian Work at 

Karlsruhe. Discussed by Mr. Peters. 

21. Peirce, C. S. — On the Algebra of Logic. Discussed by Messrs. Powell and 

Peirce. 

22. Langley, S. p. — On the Temperature of the Lunar Surface. 

23. Morse, Edward S.— On the Methods of Eastern Archery, 

DEATH OF MEMBERS. 

The president announced the death of the following members : Dr. 
J. J. Woodward, TJ. S. A., and Dr. E. E. Kogers. 

The following members were appointed to prepare obituary memoirs : 

Of Dr. Woodward : Dr. J. S. Billings. 

Of Dr. Rogers : Mr. F. Eogers. 

Since the October meeting, Prof. Benjamin Silliman has died at New 
Haven, Conn., January 14, 1885. 

DEATH OF FOREIGN ASSOCIATES. 

During the past year, two foreign associates, J. B. Dumas and Adolphe 
Wturtz, both of Paris, have died. 
The scientific session closed October 17, 1884. 



SPECIAL SESSION. 
Held at Newport, R. I., October 15, 1884. 

A special session of the Academy having been called by the council, 
in accordance with Article III, section 1, of the constitution, the Acad- 
emy convened in the court-house at liTewport, October 15, 1884, the 
president. Prof. O. 0. Marsh, presiding. 

The president was authorized to include in his annual report to Con- 
gress, in addition to the detail of the regular proceedings of the sessions, 
the report of the committee on the organization of the National Surveys 
and Signal Service, the report of the committee on philosophical and 
scientific apparatus, reports upon any other business submitted to him 
during the current year, by the Grovemment of the United States, and 
the report of the committee on publications of the Academy. 
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RESOLUTION. 

Upon recommendation of the council, the following resolution was 
unanimously adopted : 

Beaohedf That the thanks of the Academy be tendered to the sheriff and deputy 
sheriff of the city of Newport for the nse of the court house for the meetings of the 
Academy, and for their courteous and considerate attention to the oonvenieuce of the 
members. 

The special session then adjourned. 
Bespectfully submitted. 

O. 0. MARSH, 
President of the National Academy of Sciences. 
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AN ACT to incorporate the National Academy of Sciences. 

Be it enacted by the Senate and House of Representatives of the United 
States of America in Congress asssembled, That Louis Agassiz, Massa- 
chusetts; J. H. Alexander, Maryland; S. Alexander, !Rew Jersey; A. 
i). Bache, at large; F. B. Barnard, at large; J. G. Barnard, United 
States Army, Massachusetts; W. H. 0. Bartlett, United States Military 
Academy, Missouri; U. A. Boyden, Massachusetts; Alexis Caswell, 
Ehode Island; William Chauvenet, Missouri; J. H. C. Coffin, United 
States Naval Academy, Maine; J. A. Dahlgren, United^ States Kavy, 
Pennsylvania; J. D. Dana, (Connecticut; Charles H. Davis, United 
States Navy, Massachusetts; George Engeltaiann, St.* Louis, Missouri; 
J. F. Frazer, Pennsylvania; Wolcott Gibbs, New York; J. M. Gilless, 
United States Navy, District of Columbia; A. A. Gould, Massachu- 
setts; B. A. Gould, Massachusetts; Asa Gray, Massachusetts; A. 
Guyot, New Jersey; James Hall, New York; Joseph Henry, at large; 
J. E. Hilgard, at large, Illinois; Edward Hitchcock, Massachusetts; 
J. S. Hubbard, United States Naval Observatory, Connecticut; A. A. 
Humphreys, United States Army, Pennsylvania; J. L. Le Contc, United 
States Army, Pennsylvania; J. Leidy, Pennsylvania; J. P. Lesley, 
Pennsylvania; M. F. Longstreth, Pennsylvania; D. H. Mahan, United 
States Military Academy, Virginia; J. S. Newberry, Ohio: H. A. New- 
ton, Connecticut; Benjamin Peirce, Massachusetts; John Rodgers, 
United States Navy, Indiana; Fairman Rogers, Pennsylvania; R. E. 
Rogers, Pennsylvania; W. B. Rogers, Massachusetts; L. M. Ruther- 
ford, New York; Joseph Saxton, at large; Benjamin Silliman, Connect- 
icut; Benjamin Silliman, junior,- Connecticut; Theodore Strong, New 
Jersey; John Torrey, New York; J. G. Totten, United States Army, 
Connecticut; Joseph Winlock, United States Nautical Almanac, Ken- 
tucky; Jeffries Wyman, Massachusetts; J. D. Whitney, California, 
their associates and successors duly chosen, are hereby Incorporated, 
constituted, and declared to be a body corporate, by the name of the 
National Academy of Sciences. 

Section 2. And be it further enacted^ That the National Academy of 
Sciences shall consist of not more than fifty ordinary members, and the 
said corporation hereby constituted shall have power to make its own 
organization, including its constitution, by-laws, and rules and regu- 
lations ; to fill all vacancies created by death, resignation, or otherwise . 
S. Mis. 68 2 ^t ' 
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to provide for the election of foreign and domestic members, the division 
into classes, and all other matters needful or usual in such institutioD, 
and to report the same to Congress. 

Section 3. And be it further enacted ^ That the National Academy of 
Sciences shall hold an annual meeting at such place in the United States 
as may be designated, and the Academy shall, whenever called upon by 
any department of the government, investigate, examine, experiment, 
and report upon any subject Qf science or art, the actual expense of such 
investigations, examinations, experiments, and reports, to be paid from 
appropriations which may be made for the purpose, but the Academy 
shall receive no compensation whatever for any services to the Govern- 
ment of the United States. 

Approved, March 3, 1863. 



AN ACT to amend the Act to incorporate the National Academy of Sciences. 

Be it eriacted by the Senate and Hovse of Representatives of the United 
States of America in Congress assembled^ That the act to incorporate the 
National Academy of Sciences, approved March three, eighteen hun- 
dred and sixty-three, be, and the same is hereby, so amended as to re- 
move the limitation of the number of ordi nary members of said Academy 
as provided in said act. 

Approved, July 14, 1870. 

DEPARTMtJNT OF STATE, Junc 10, 1882. 

True copies. 

Sevellon a. Brown, 

Chief Cleric, 



[Public No. 63.] 

AN ACT to authorize the National Academy of Sciences to receive and. hold trust 
funds for the promotion of science, and for other purposes. 

Be it enacted by the Senate and House of Representatives of the United 
States of America in Congress assembledj That the National Academy of 
Sciences, incorporated by the act of Congress approved March third, 
eighteen hundred and sixty three, and its several supplements, be, and 
the same is hereby, authorized and empowered to receive bequests and 
donations, and hold the same in trust, to be applied by the said Acad- 
emy in aid of scientific investigations, and according to the will of the 
donors. 

Approved, June 20, 1884. 

Department of State, June 24, 1 884. 
A true copy. 

Sevellon A. Brown, 

Chief Clerk. 
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CONSTITUTION AND RULES OF THE NATIONAL ACADEMY OE SCIENCES. 

As amended and adopted April J 7, 1872, and further amended April 20, 1875, April 21, 

1881, April 19, 1882, and April 18, 1883. 

PREAMBLE. 

Empowered by the act of iDcorporation enacted by Congress and 
approved by the President of the United States on the 3d day of March, 
A. D. 1863, and in coniormity with the amendment to said act, approved 
July 14, 1870, the National Academy of Sciences adopt the following 
amended constitution and rules : 

Article I.— OF MEMBERS. 

Section 1. The Academy shall consist of members, honorary mem- 
bers, and foreign associates. Members must be citizens of the United 
States. 

Sec. 2. Members who, from age or inability to attend the sessions of 
the Academy, wish to resign the duties of active membership, may, at 
their own request, be transferred to the roll of honorary members by a 
vote of the Academy. 

Sec. 3. The Academy may elect fifty foreign associates. 

Sec. 4. Honorary members and foreign associates shall have the privi- 
lege of attending the meetings, and. of reading and communicating 
papers to the Academy, but shall take no part in its business, shjiU not 
be subject to its assessments, and shall be entitled to a copy of the pub- 
lications of the Academy. 

Article II.— OF THE OFFICERS. 

Sec. 1. The oflBcers of the Academy shall be a president, a vice-presi- 
dent, a foreign secretary, a home secretary, and a treasurer, all of whom 
shall be elected for a term of six years, by a majority of votes present 
at the first stated session after the expiration of the current terms, pro- 
vided that existing officers retain their places until their successors are 
elected. In case of a vacancy, the election for six years shall be held 
in the same manner, at the session when such vacancy occurs or at the 
next stated session thereafter, as the Academy may direct. A vacancy 
in the office of treasurer or home secretary may^lckO^^'s^'t^X^^^^^^Ns^ 
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appointment of the president of the Academy antil the next stated ses- 
sion of the Academy. 

Sec. 2. The officers of the Academy, together with six members to 
be elected by the Academy at the first stated session in each year, shall 
constitute a council for the transaction of such business as may be as- 
signed to them by the constitution of the Academy. 

Sec. 3. The president of the Academy, or, in case of his absence or 
inability to act, the vice-president, shall preside at the meetings of the 
Academy and of the council ; shall name all committees except such as 
are otherwise especially provided for ; shall refer investigations required 
by the Government of the Unit^ States to members especially conver- 
sant with the subjects, and report thereon to the Academy at its session 
next ensuing ; and^ with the council, shall direct the general business 
of the Academy. 

It shall be competent for the president, in special cases, to call in the 
aid, upon committees, of experts or men of special attainments, not 
members of the Academy. 

Sec. 4. The foreign and home secretaries shall conduct the corre- 
spondence proper to their respective departments, advising with the 
president and council in cases of doubt, and reporting their action 
to the Academy at one of the stated sessions in each year. 

It shall be the duty of the home secretary to give notice to the 
members, of the place and time of all meetings, of all nominations for 
membership, and of all proposed amendments to the constitution. 

The minutes of each session shall be duly engrossed before the next 
stated session, under the direction of the home secretary. 

Sec. 5. The treasurer shall attend to all receipts and disbursements 
of the Academy, giving such bond and furnishing such vouchers as the 
council may require. He shall collect all dues from members, and keep 
a set of books showing a full account of receipts and disbursements. 
He shall present a general report at the April session. He shall be the 
custodian of the corporate seal of the Academy. 

articlb m.— op the meetings. 

Sec. 1. The Academy shall hold one stated session in e^ch year, 
in the city of Washington, on the third Tuesday in April, and another 
may be held at such place and time as the council shall determine. 

Special sessions of the Academy may be called by order of eight 
members of the council, at such place and time as may be designated 
in the call. 

Scientific sessions of the Academy may be held at times and places 
to be designated by a majority of the council. 

Sec. 2. The names of the members present at each daily meeting shall 
^be recorded in the minutes ; and the members present at any meeting 
U9hall constitute a quorum for the transaction of business. 
Beo. 3. iSbieiiti^c meetings of the Academy, taA«^%^ot\i^tm^^oTd<^r^d 
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by a majority of the members present, shall be open to the public ; 
those for the transaction of business, closed. 

Sec. 4. The stated meetings of the council shall be held during the 
stated or special sessions of the Academy. Special meetings may be 
•convened at the call of the president and two members of the council, 
or of four members of the council. 

Sec. 5. No member who has not paid his dues shall take part in the 
business of the Academy. ^ 

ARtiCLE IV— OP ELECTIONS AND RESIGNATIONS. 

Sec. 1. All elections shall be by ballot, and each election shall be 
held separately, unless otherwise ordered by this constitution. 

Sec. 2. The time for holding an election for ofl&cers shall be fixed by 
the Academy at least one day before the election is held. 

Sec. 3. The six additional members of the council shall be elected 
on any day after the first of the first stated session in each year, by 
each voter inscribing six names on his ballot, and those six who have 
received more votes than any others shall be declared elected. If two 
or more names have received the lowest number of votes that would 
elect, additional balloting shall be had for as many members as remain 
each time to be elected until the number is full. 

The term of the members so elected shall commence at the close of 
the session at which they are elected, and continue until the close of 
the first stated session in the next year. 

Sec. 4. Nominations of members may be made in writing, signed by 
any five members of the Academy, at any stated session, to be voted on 
at the next stated session held in Washington ; and each nomination 
«hall, at the time of election, be accompanied by a written list of the 
original works of the nominee. 

Sec. 5. Elections for membership shall be held in the following man- 
ner : Each member may inscribe on a ballot not more than five names 
of nomineesi selected from the list. Absent members may send such 
ballots to the home secretary. From the seven names receiving the 
highest number of votes in this preference ballot, the members present 
may proceed to elect new members in the following manner: At each 
ballot each member present may vote for not exceeding three persons, 
and the person receiving the highest number of votes shall be declared 
elected : Provided^ That he received two- thirds of the votes cast, and that 
his name appear on not less than twenty ballots : And provided further^ 
That the number of members of the Academy be not already one hundred 
or over, in which case, to be declared to be elected, he must receive four- 
fifths of the votes cast, and his name must appear on at least twenty- 
five ballots. 

Should several candidates have the same minimum number of votes 
on the preference list, the requfsite number for completing the list shall 
be selected from them by a two-thitda vot^ ot tXi^ \xi^\si5ciSii^^^^si,^'^\sj^. 
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Election of raeinbers shall be held only at the regular stated session 
of each year held in Washington, and not more than five members 
shall be elected at that session. 

Before, and daring elections, a discussion of the merits of nominees, 
will be in order. 

The election of members may be suspended at any time by a majority 
vote of the members present. 

Sec. 6. Every member elect eha% accept his membership, personally 
or in writing, before the close of the next stated session after the date 
of his election. Otherwise, on proof that the secretary has formally 
notified him of his election, his name shall not be entered on the roll of 
members. 

Sec. 7. Foreign associates may be nominated by a committee of five 
members to be appointed for that purpose by the president, and elected 
at any stated session by a two-thirds vote of the members present. The 
election shall be had by each member indicating on a ballot those name& 
for which he votes, and those nominees whose names appear on two- 
thirds of the ballots shall be declared elected. 

Sec. 8. A diploma, with the corporate seal of the Academy, and the 
signatures of the officers, shall be sent by the appropriate secretary ta 
each member on his acceptance of his membership, and to foreign as- 
sociates on their election. 

Sec. 9. Eesignations shall be addressed to the president, and acted 
on by the Academy, 

Article V.— OF SCIENTIFIC COMMUNICATIONS, PUBLICATIONS, AND RE- 
PORTS. 

Sec. 1. Communications on scientific subjects shall be read at scien- 
tific meetings of the Academy, and papers by any member may be read 
by the author, or by any other member, notice of the same having been 
previously given to the secretary. 

Sec. 2. Any member of the Academy may read a paper from a person 
who is not a member, and shall not be considered responsible for the 
facts or opinions expressed by the author, but shall be held responsible 
for the propriety of the paper. 

Persons who are not members may read papers on invitation of the 
president, with the advice of the council. 

Sec. 3. The Academy may provide for the publication, under the 
direction of the council, of proceedings, memoirs, and reports. 

Sec. 4. Propositions for investigations or reports by the Academy 
shall be submitted to the council for approval, except those requested 
by the Government of the United States, which shall be acted on by 
the president, who will in such cases report their results to the Gov- 
ernment as soon as obtained, and to the Academy at its next following 
stated session. 
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Sec. 5. The advice of the Academy shall be, at all times, at the dis- 
position of the Government upon any matter of science or art within 
its scope. 

Sec. 6. An annual report to be presented to Congress shall be pre- 
pared by the president, and, before its presentation, submitted by him, 
first to the council, and afterwards to the Academy, at one of the stated 
sessions. 

Sec. 7. Medals and prizes may b^stablished, and the means of be- 
stowing them accepted by the AcalKny, upon the recommendation of 
the council, by whom all the necessary arrangements for their establish- 
ment and award shall be made. 

Bequests and trusts having for their object the advancement of sci- 
ence may also be accepted, and administered by the Academy. 

Article VI.— OF THE PROPERTY OF THE ACADEMY. 

Sec. 1. All investments shall be made by the treasurer, in the cor- 
porate name of the Academy, in stocks of the United States. 

Sec. 2. Ko contract shall be binding upon the Academy which has 
not been first approved by the council. 

Sec. 3. The assessments required for the support of the Academy 
shall be fixed by the Academy, on the recommendation of the council. 

Article VIL— OF ADDITIONS AND AMENDMENTS. 

Additions and amendments to the constitution shall be made only at 
a stated session of the Academy. Notice of a proposition for such a 
change must be given at a stated session, and shall be referred to the 
council, which may amend the. proposition, and shall report thereon to 
the Academy at the same session. Its report shall be considered by 
the Academy in committee of the whole for amendment. 

The proposition as amended, if adopted in committee of the whole, 
shall be voted on at the next stated session, and if it receive two-thirds 
o the votes cast it shall be declared adopted. 

« 

Absent members may send their votes on pending changes in the con- 
stitution to the home secretary, in writing, and such votes shall be 
counted as if the member were present. 

I. In the absence of any officer, a member shall be chosen to perform 
his duties temporarily, by a plurality of viva voce votes, upon open nomi- 
nations. 

II. The accounts of the treasurer shall be referred to an auditing 
committee of three members, to be appointed by 'the president at the 
meeting at which the accounts are presented, which committee shall 
report before the close of that session, and shall then be discharged. 

The bonds, securities, and other property owned or held in trust by 
the Academy shall be inspected and verified by a coiaoaitt^ft^ tft \y^^is^- 
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nnally appointed by tbe president. The report of this committee shall 
be presented to the Academy at its first stated session in each year, 
and referred with the accounts to the auditing committee. 

III. A committee of arrangements consisting of five members shall 
be appointed by the president for each stated session of the Academy. 
This committee shall meet not less than two weeks previous to each 
session. It shall be in session during the meetings to make arrange- 
ments for the reception of the members ; to arrange the business of each 
day ; to receive the titles of pa^rs, reports, &c. ; and toarrange the 
order of reading, and, in general, to attend to all oiness and scientific 
arrangements. 

IV. At the meetings the order of bu.> . jss shall be as follows : 

1. Chair taken by the president, or, in his absence, by the Vice-presi- 
dent. 

2. EoU of members called by home secretary. 

3. Minutes of the preceding meeting read and approved. 

4. Stated business. 

6. Reports of president, secretaries, treasurer, and committees. 

6. Business from council. 

7. Other business. 

8. On the last day of the session, the rough minutes of that day's pro- 
ceedings are to be read for correction. 

V. The rules of order of the Academy shall be those of the Senate 
of the United States, unless suspended by unanimous consent. 

VI. Unless otherwise ordered by the Academy, the scientific meetings 
shall be convened at noon. 

VII. The death of members shall be announced by the president on 
the last day of any session, when a member shall be selected by the 
president to furnish a biographical notice of the deceased at the next 
stated session. If such notice be not then furnished, another member 
may be selected by the president in place of the first, and so on until 
the duty is performed. ^ 

VIII. All discussions as to the claims and qualifications of nominees 
at meetings of the Academy will be held strictly confidential, and re- 
marks and criticisms then made may be communicated to no person 
who was not a member of the Academy at the time of the discussion. 

IX. The secretanes will receive memoirs at any time, and report the 
date of their reception at the next session. But no memoir shall be 
published unless it has been read before the Academy. 

X. Memoirs shall date in tiie records of the Academy from the date 
of their presentation to the Academy, and the order of their presenta- 
tion shall be that in which they were registered, unless changed by con- 
sent of the author. 

XI. Papers from persons not members, read before the Academy, and 
intended for publication, shall be referred, at the meeting at which they 
are read, to a committee of members competent to judge whether the 
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paper is worthy of publication. Such committee shall report to the 
Academy as early as practicable, and not later than the next stated ses- 
sion. 

XII. An annual of the Academy shall be prepared and published by 

the secretaries. 

XIII. The printing of the Academy shall be under the charge of a 
committee of publication, to consist of the home secretary and four 
other members to be named by the president, with the advice and con- 
sent of the council. ^ . . 

XIV. The annual report of the Academy may be accompanied by a 
memorial to Cougress in regard to such investigations and other sub- 
jects as may be deemed advisable, recommending appropriations there- 
for when necessary. 

XV. The proper secretary shall acknowledge all donations made to 
the Academy, and shall report them at the next stated session. 

XVI. The books, apparatus, archives, and other collections of the 
Academy shall be deposited in some safe place in the city of Washing- 
ton. A list of the articles so deposited shall be kept by the home sec- 
retary, who is authorized to employ a clerk to take charge of them. 

XVII. A stamp corresponding to the corporate seal of the Academy 
shall be kept by the secretaries, who shall be responsible for the due 
marking of all books, and other objects to which it is applicable. 

Labels or other proper marks of similar device shall be placed upon 
objects not admitting of the stamp. 

XVIII. On the first day of each stated session, immediately after call- 
ing the roll of members, a recording secretary shall be elected by a 
plurality of members present to assist the home secretary in keeping 
the records of the session. 

XIX. It shall be the duty of the committee of arrangements to fix 
the length of time to be devoted to reading of all papers submitted, 
and to limit the time to be occupied in their discussion. 

XX. Ballots for election of members may be sent by sealing them up 
in a blank envelope, and inclosing this in another, across the back of 
which Is written the name of the sender, and which is addressed to the 
home secretary. Such envelopes will be opened only by the tellers. 

XXI. Any rule of the Academy may be amended, suspended, or re- 
pealed on the written motion of any two members, signed by them, and 
presented at a stated session of the Academy, provided the same shall 
be approved by a majority of the members present. 

XXII. Nominations for membership shwld state the full name, resi- 
dence, the official position, and the special scientific studies of the can- 
didate. A form of nomination shall be prepared by the home secretary. 

By a resolution adopted January 12, 1864, the president is, ex officio^ 
a member of all Oovernment committees of the Academy. 
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ORGANIZANION OF THE ACADEMY, 1884. 

Expiration of tern. 

Marsh, O. C, President ..April, 1889 

Kkwgomb, S., Vice-President C April, 1889 

Agassiz, Alexander, Foreign Secretary April, 1886 

Hall, A., Home Secretary April, 1889 

Coffin, J. H. C, Treasurer , April, 1887 

ADDITIONAL MEMBERS OF COUNCIL, 1884-^85. 

Baird, S. F.. Meigs, M. C. 

GiBBs, W. Scudder, S, H. 

HiLGARD, J. E. • Young, C. A. 

COMMITTEES OF THE ACADEMY. 

On Ways and Means to Provide a Fund for the Academy, 

Rogers, Fairman, Chairman. Marsh, O. C. 

Chandler, C. F. Agassiz, Alexander. 

pumpelly, r. 

On WeightSf Measures, and Coinage, 
Barnard, F. A^-J*., Chairman, Newcomb, S. 

GiBBS, WOLCOTT. NeWTON, H. A. 

HiLGARD, J.^E. PeIRCE, C. S. 

Meigs, M. C. Trowbridge, W. P. 

On the Election of Foreign Associates, 

Agassiz, Alexander, Chairman, Gibbs, W. 

Dana, J. D. Hall, A. 

Newcomb, S. 

On Reserving Puhlio Lands on and near Mount Whitney, California, for Scientific Purposes^ 

Langlby, S. p., Chairman. Brewer, W. H. 

Powell, J. W. 

To Report on the Triangulation to Connect the Atlantic and Pacific Coasts, 

Abbot, H. L., Chairman. Newberry, J. S. 

Barnard, F. A. P. Newcomb, S. 

Mbiqs, M. C. Newton, H. A. 

Powell, J . "W . 



^X'- 
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COMMITTEES OF THE ACADEMY— Continued. 

to co-operate with the National Board of Health, 

Mitchell, 8. Weir, Philadelphia, Pa., Chairman, 
Billings, J. S., Washington, D. C. 
Brewer, W. H., New Haven, Conn. 
Woodward, J. J., Washington, D. C. 
Walker, F. A., Boston, Mass. 
Barker, George F., Philadelphia, Pa. 
Chandler, Charles F., New York City. 
GiBBS, WOLCOTT, Cambridge, Mass. 

On Publication, 

The Home Secretary. Coffin, J. H. C. 

Baird, 8. F. Newcomb, S. 

Powell, J. W. 

On Publications of the Academy, 

Gill, T. 

On the Relation of the Academy to the Government, 

The President. Coffin, J. H. C. 

Vice-President. • Hilgard, J. E. 

Secretaries. Meigs, M. C. 

Baird, S. F. Powell, J. W. 

On the Organization of the National Surveys and Signal Service, 

Meigs, M. C, Chairman, Newcomb, S. 

Brewer, William H. Pickering, E. P. 

CoMSTOCK, C. B. Trowbridg«, W. p. 

Langley, S. p. Walker, F. A. 

Young, C. A. 

On Customs Duty on Philosophical and Soietitific JL 
Brush, G. J., Chairman, Scudder, S. H. 

GiBBS, WOLCOTT. NeWCOMB, S. 

Barker, G. F. 

TRUST FUNDS. 

Board of IHreotion of the Bache Fund, 
Dana, J. D. Hilgard, J. E. 

GiBBS, W. 

Board of Trustees of the Watson Fund, 

Hilgard, J. E. Newcomb, S. 

Coffin, J. H. C. 

On the Henry Draper Medal, 

Barker, G. F., Chairman, Newcomb, S. 

Gibbs, W. Wright, A. W. 

Young, C. A. 
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MEMBERS OF THE NATIONAL ACADEMY OF SCIENCES, JANUAJRY20, 1885. 

Date of 
ion^ 
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elec 

Abbe, Cleveland Washingtotij D, C, 

Abbot, Henry L., U. S. A Whitestone, Long Island, N, T, 

Agassiz, Alexander : Camh'idge, Mass. 

Allen, J. Asaph Cambridge, Mass, 

Baird, Spencer F. , Washington, D, €. 

Barker, George F Philadelphia, Pa. 

Barnard, Frederick A. P New York City. 

Bartlett, William H. C 75 Locust Hill Ave., Yonkers, N. Y. 

Bell, A. Graham Washington, D. C. 

Billings, John S., U. S. A Washington, D. C. 

Brewer, William H New Haven, Conn. 

Brooks, W. K.. Johns Hopkins University, Baltimore, Md. 

Brown-Sequard, Charles E j Paris, France. 

Brush, George J New Haven, Conn. 

Chandler, Charles F ...w New York City. 

Coffin, John H. C, U. S. N Washington, D. C. 

Comstock, Cyrus B., U. S. A Army Building, New York City. 

Cooke, Josiah P Cambridge, Mass. 

Cope, Edward D 1\^^ Pine St., Philadelphia, Pa. 

CouES, Elliott Washington, D, C, 

Crafts, James M Boston, Mass. 

Dalton, J. C 43 W. Forty-eighth St., New York City. 

Dana, Edward S Neiv Haven, Conn. 

Dana, James D New Haven, Conn. 

Davidson, George San Francisco, Cal. 

Ddtton, Clarence E., U. S. A ' Washington, D. C. 

EAds, James B Saint Louis, Mo. 

Farlow, W. G Cambridge, Mass. 

Ferrel. William Washington, D. C. 

Genth, Frederick A West Philadelphia, Pa. 

GiBBS, Josiah Willard New Haven, Conn, 

GiBBS, Wolcott Cambridge, Mass. 

Gilbert, Grove K Washington, D, C, 

Gill, Theodore N.-i Washington, D. C. 

Gould, Benjamin A Cordoba, Argentine Republic, S. A. 

Hall, Asaph, U. S. K -• Washington, D. C, 

Hall, James. Albany, N. Y. 

Hayden, F. V XmZ Arch St., Philadelphia^ Pa. 

Hilgard, Eugene W Oakland, Cal. 

Hilgard, Julius E Washington, D. C. 

•Hill, George W Washington, H. C, 

Hill, Henry B Cambridge, Mass. 

Hunt, T. Sterry .' Montreal, Canada. 

Hyatt, Alpheus Soc. of Nat. History, Boston, Mass. 

Jackson, Charles L Cambridge, Mass. 

Johnson, Samuel W New Haven, Conn. 

King, Clarence 62 Cedar St., New York City, 

Langley, Samuel P Observatory, Allegheny, Pa. 

Leidy, Joseph Philadelphia, Pa, 

Lesley, J. Peter 1008 Clinton St. , Philadelphia, Pa, — — 

Lb Conte, John » Berkeley, Cal. 1878 
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MEMBERS OF THE NATIONAL ACADEMY OF SCIENCES— ContinneA. 

Butotf 



Lb Conte, Joseph Berkeley, Cah tOI 

Lbsquereux, Leo ^i02 Fourth St., Colunibua, Ohio. 1864 

LooMis, Elias New Haven^ Conn. 18n 

LovERiNG, Joseph Cambridge, Maes. 1833 

Lyman, Theodore Broohline, Maes. 183) 

Marsh, O. C Ne\c Haven, Conn. 1874 

Mayer, Alfred M Hoboken, N. J. 187) 

Meigs, Montgomery C, U. S. A Washington, D. C. 1865 
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report on the national surveys and signal service. 

[oobbespondenoe.] 

The National Academy of Sciences, 

Washington. D. C, October 16, 1884. 

SiE : I have the honor to transmit herewith the report of the commit- 
tee of the National Academy of Sciences on the organization of the 
National Surveys and Signal Service, made in accordance with the re- 
quest of the Congressional commission contained in your communica- 
tion dated July 9, 1884. I send with the report — 

1. A letter from the Chief Officer of the Signal Service, 

2. A letter from the Director of the Geological Survey. 

3. A letter from the Superintendent of the Coast and Geodetic 
Survey. 

4. A letter from the Chief Hydrographic Officer of the Navy. 
Also various other documents referred to in the report. 

Very respectfully yours, 

O. C. MARSH, 
President of the National Academy of Sciences. 

Hon. Theodohe Lyman. 



REI>ORT. 



To the President of the National Academy op Sciences : 

Sib : The committee appointed by you to report upon certain organ- 
izations and works of the Government has the honor to submit the fol- 
lowing report. 

The authoritv under which the committee acted is shown in the fol- 

lowing documents : 

Yale College, 

New Haven, Conn,, August 2j 1884. 
Dear Sir: I inclose herewith a commnnication from the Joint Commls^ton ap- 
pointed by Congress to consider the present organizations of the Signal Service, Geo- 
logioal Survey, Coast and Geodetic Survey, and the Hydrographic Office of the Navy 
Department, with a view to secure greater efficiency and economy of administration 

S. Mis. 58 3 « 33 
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of the public service in said Bureaus, and the accompanying request for the appoint- 
ment of a committee of the National Academy of Sciences to aid this Commission. 

In response to this recxuest, I have appointed the following committee from the 
National Academy of Sciences: 

General M. C. Meigs, U. S. A. (chairman), Washington, D. C. 

Prof. William H. Brewer, Yale College, New Haven, Conn. 

Col. Cyrus Comstock, United States Corps of Engineers, New York City. 

Prof. S. P. Langley, Observatory, Alleghany, Pa. 

Prof. Simon Newcomb, Nautical Almanac OflSce, Washington, D. C. 

Prof. E. C. Pickering, Harvard Observatory, Cambridge, Mass. 

Prof. W. P. Trowbridge, Columbia College, New York City. 

President Francis A. AValker, Institute of Technology, Boston, Mass. 

Prof. C. A. Young, Princeton College, Princeton, N. J. 

The members of this committee have all accepted their appointments, and I now 
place the whole matter in your charge, in full confidence that you appreciate the im- 
portance, both to. science and to the Academy, of the work before you. 
Very truly yours, 

O. C. MARSH, 
President of the National Academy of Scienoe8, 

General M. C. Meigs, U. S. A. 

Note. — Professor Newcomb and General Comstock subsequently withdrew from the 

committee at the request of their superior officers, the Secretary of the Navy and the 

Secretary of War. 

House of Representatiybs, 

Washington, D. C, July 9, 1884. 
Prof. O. C. Marsh, 

President of the National Academy of Sciences : 

Dear Sir : I beg leave to call your attention to the following clause in the sundry 
civil bill which has just been passed by Congress : 

** That a Joint Commission, consisting of three Senators, appointed by the President 
of the Senate, and three members of the House, to be appointed by the Speaker of 
the House of Representatives, shall consider the present organizations of the Signal 
Service, Geological Survey, Coast and Geodetic Survey, and the Hydrographic Office 
of the Navy Department, with the view to secure greater efficiency and economy of 
administration of the public service in said Bureaus ; and said Joint Commission shall 
report to their respective houses on the third Monday in December, 1884, their con- 
clusions, by bill or report.'' 

The members appointed under this act are : 

Senate.— Hon, William B. Allison (chairman), Hon. Eugene Hale, Hon. George H. 
Pendleton. 

House, — Hon. Robert Lowry, Hon. H. A. Herbert, Hon. Theodore Lyman. 

You will observe that there is involved nothing less than an investigation of four 
important branches of our Government, all of them scientific in their character. With 
the exception of the Coast Survey, these branches have taken on especial importance 
only within the last few years. They have grown rapidly, and have reached a position 
where they, in some respects, impinge one on another in such a way as to threaten, 
in certain cases, a duplication of work, and perhaps some waste and confusion. 

The members of the Joint Commission feel that, in a matter of such importance, they 
should have the counsel of all men who have special knowledge of the questions in- 
volved. They are of the opinion that, in addition to the information which the De- 
partments can furnish, they should have the advice of a committee of the National 
Academy of Sciences. 

You are therefore requested to appoint, at your early convenience, such a com- 
mittee, whose duty it shall be to report on the subject matter of the clause in the 
anndry ciy'il bill already qnoted. 
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Aa a guide in this inyestigatioD, the followiDg poiDts are snggested for yonr cou- 
•ideration : 

First. What 18 the organization of the government surveys, and of the signal service^ 
in the chief countries of Europe, and could any part of this organization be advanta- 
geously adopted in this country f 

Secondly. In what way can the scientific branches above refeiTed to be best co-or- 
dinated f 

Thirdly^. What changes in, or additions to, these branches are desirable f 

Except as illustrating the general subject, it will not be necessary for the committee 
to enter in detail into the expenses of these branches, or the number of their em- 
ploy^. 

As the Joint Commission are directed to report on the third Monday in December, 
the report of the Committee of the National Academy should, if possible, be ready by 
the first day of next October. The report may bo forwarded to me in Brookline, Mass. 

By order of the Commission. 
Very respectfully, 

THEODORE LYMAN, M. C. 

These papers show a desire on the part of Congress that the work of 
these four organizations should be more thoroughly co-ordiuated than it 
is now, and it is from this point of view that your committee has con- 
sidered the subject. In order to obtain definite information respecting 
the present operations of the four organizations above mentioned^ 
letters were addressed to the heads of the Executive Departments to 
which they are attached, respectively, through the proper official chan- 
nels, requesting from each a statement of their operations. Subse- 
quently the requests were extended to include any views which their 
chiefs might see fit to present upon the subject to be inquired into. 
This correspondence is given in the Appendix to this report. 

ORGANIZATION IN FOREIGN COUNTRIES. 

The land maps of European countries are as a rule made under the 
direction of the war departments of -those countries, and under the di- 
rection of officers of the army specially detailed for that duty, with the 
aid of experts in the business, and in the arts necessary to the surveys 
and to the production of the charts, who are employed from civil life, 
and also of enlisted soldiers and non-commissioned officers detailed from 
the army. 

For details on this subject, the committee refers to the printed notes 
oir European surveys compiled and published in 1876, under the direc- 
tion of one of its members. General G. B. Gomstock, United States Eu- 
gineers, as the most complete compendium on this subject known to 
them ; also to some manuscript notes prepared by the committee from 
reports and publications of later date. 

The hydrographic surveys of the coasts of Europe appear in every 
eonuti y to be the work of the naval establishment. 

On the coasts of the United Kingdom, the hydrography has been 
completed, and now two parties in surveying vessels of the navy are 
constantly employed in re-sounding and examining channels, harbors, 
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and shoals, in order to correct the existing Admiralty charts. All this 
is done under direction of the Admiralty. 

While the organization of the land and of the hydrographic surveys 
in Europe is very perfect, your committee does not find that it offers 
anything to improve that of the United States, except perhaps in show- 
ing the economy in time and money of greater use of photography and 
of zincography in the reduction and production of maps and charts. In 
Great Britain now, the twenty-five inch to the mile map is published 
even earlier than those on smaller scales, all of which are reductions 
from the original manuscript maps surveyed and plotted on the twenty- 
five-inch or six-inch scale. 

Early and clieap publication of results of operations in the field, if 
they retain the accuracy of the original maps, are of great industrial 
and economic importance. The English maps of the ordnance survey 
are published and placed on sale as soon as printed, and at very mod- 
erate prices. For details, your committee refers to the manuscript notes 
on the ordnance survey herewith. 

Your committee would call attention in this connection to th« report 
made by the National Academy of Sciences to Congress in December,. 
1878, in which, the advantages of a consolidation of the then existing 
surveys were pointed out. In that report, it was recommended that sur- 
veys should be two in number; the coast and interior survey, to bft 
concerned with the triangulation and mapping of the country and its 
topography, and a geological survey, to undertake geological and 
economical investigations. It would be a part of the duty of the first 
survey to supply the maps for the use of the geological survey ; and, in 
order to secure the co-ordination and harmonious co-operation of the two 
surveys, it was recommended that the coast and interior survey be 
transferred to the Interior Department. 

Congress adopted so much of this recommendation as related to the 
formation of a single Geological Survey, but did not provide for the 
proposed transfer of the Coast Survey, nor make any other provision 
for the topographic work necessary for the Geological Survey. The re- 
sult has been that these two Surveys do not co-operate as they should. 
The Chief of the Geological Survey has also found it necessary to em- 
ploy large corps of men in trigonometric measurements. 

Your committee does not feel entire confidence that the union of these 
two surveys under either one of the Executive Departments, would, 
without other measures, necessarily lead to that unity of work which is 
desirable. It therefore recommends certain further legislative measures, 
the occasion for which will be made clear by a review of the work done by 
these several organizations; but its members are entirely^ clear in the 
opinion that some one of the Executive Departments should control 
both. It is for Congress to determine which Department shall exercise 
this necessary authority and control. 
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The Coast Survey was originally organized for the purpose of con- 
Btructing maps and charts of the coast and harbors for the benefit of 
commerce and navigation. Conflicting opinions respecting the proper 
management of the Survey led to the formation in 1843, of a board of 
officers with .the duty of reorganizing the Survey. This board sub- 
mitted a plan, which was enacted by Congress into law, upon and under 
which law, the Survey has hitherto been executed. 

This plan provided for the cooperation of military officers, naval 
officers, and civilians in the various parts of the work. Under it, the 
work of the Coast Survey has been continued to the present time. 

In recent times, a great extension of the field of operations of the 
Survey has been made, apparently looking to a triangulation covering 
the entire territory of the United States. The maps published annually 
with the report of the Survey enable us to know the geodetic work it 
has executed. It appears from the maps accompanying the report of 
1882, that on June 30tli of that year, a chain of triangles had been ex- 
tended throughout the entire length of the Atlantic and Gulf coasts, 
and throughout about half the Pacific coast. Besides these coastlines, 
extensive regions in the interior are seen to be triangulated. In the 
northeast, the triangulation covers the greater part of the States of 
^ew Hampshire, Vermont, and Massachusetts, about half of Connecti- 
cut, and it also includes a considerable part of the State of New York. 

The reconnaissance has extended westward from the New Jersey coast 
so as to include the greater part of the State of New Jersey, and a long 
strip in Pennsylvania. From Pennsylvania, the extended line of pri- 
mary triangulation follows the Allegheny Mountains into Northern Ala- 
bama, and is now being continued across the country to Memphis. 

A triangulation of the Mississippi Eiver was extended from its month 
nearly to Memphis, where it would meet the last described chain of 
triangles. The chain connecting the Atlantic and Pacific coasts has 
been completed nearly across the State of Nevada, and the reconnais- 
sance includes nearly half of Utah Territory. The line is also surveyed 
at various points in Colorado, Kansas, Missouri, and Illinois. Besides 
all this, isolated regions in Wisconsin, Indiana, Illinois, Ohio, Kentucky, 
and Tennessee have been reconnoitered by the Coast and Geodetic Sur- 
vey in a way indicative of a plan designed ultimately to cover the en- 
tire territory. 

As its appropriations for some years past have made provision for the 
collection of data for a general map of the United States, we may fairly 
regard the Coast and Geodetic Survey as having undertaken a trigono- 
metric survey of the whole United States. (See the communication 
from the Superintendent of this Survey herewith.) 

From the statement of the Director of the Geological Survey, appended 
hereto, we learn that under authority of the annual appropriation bills 
to prepare a geological map of the United States, that officer has parties 



38 REPORT OP THE NATIONAL ACADEMY OF SCIENCES. 

engaged in the trigonometric survey of the entire country to be suffi- 
ciently accurate for cartographic purposes. 

It appears, therefore, that two distinct and independent trigonometric 
surveys of the United States, under two different Departments of the 
Government, are now in process of execution. 

The meteorological work of the Signal Service is divisible into two 
distinct branches. 

The first, and by far the larger portion of the work is the collection 
of weather reports from stations in diiierent parts of the Union, which 
are utilized in predicting the probable weather during the twenty-four 
hours succeeding. Connected with this work is the publication of wea- 
ther maps, showing at a glance the state of the weather over the en- 
tire country at certain moments of absolute time. At the school at 
Fort Myer, observers and operators are trained for this service. A 
very important part of its work is the display of signals and warnings 
of approaching storms, frosts, and floods. 

Tiie other branch of the meteorological service appears in scientific 
discussions and investigations, having for their object to advance the 
science of meteorology. These researches are published under the title, 
" Professional Papers of the Signal Service," which papers consist of 
memoirs separately paged and numbered in the order of their issue. 

Your committee is not informed of the separate expenses of these two 
divisions of the Signal Service, but has no doubt that the expense of 
the second branch is but a small fraction of that of the first. 

The Signal Service also performs a military duty, providing the mate- 
rial, and instructing soldiers and ofl&cers to communicate between sepa- 
rate bodies of troops by a system of day and night signals; and it ako 
operates and repairs, and, when necessary, constructs telegraph lines for 
military purposes. The appropriation for these military works and serv- 
ices for the current year is $5,000. 

In the opinion of the committee, it is desirable that the meteorological 
work of the Weather Bureau should be under the general control of the 
commission proposed later in this paper. 

The Hydrographic OflSce of the Navy Department may be considered 
to date from the year 1848, when the depot for charts and instruments 
for the Navy, authorized by an act approved in 1842, was established. 
Under this act, an observatory was established, and was engaged in the 
double work of making astronomical observations, correcting chronome- 
ters, and of supplying charts to the Navy, the establishment being offi- 
cially styled the United States Naval Observatory and Hydrographic 
Office. In 1866, Congress authorized the establishment of a separate 
hydrographic office, to be attached to the Bureau of Navigation in the 
Navy Department, for the purpose of supplying nautical publications 
and information, not only to vessels of the United States, but to navi- 
gators generally. 

Before that time, the functions of the office had been confined to the 
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purchase and distribution of foreign diarts. Under the new organiza- 
tion, a drawing and engraving division was established, which constructs 
charts of foreign coasts and seas for distribution to vessels of the Navy, 
and for sale, at the cost of printing and paper, to navigators generally. 

The officer now in charge of the Hydrographic Office appeared before 
your committee in person, and gave it a very clear account of the work 
his office is actually doing. A memoir by this officer, transmitted to the 
committee by the honorable the Secretary of the Navy, accompanies 
this report. 

Besides the hydrographic work of the Coast Survey, which is con- 
ducted, and has always been conducted under existing laws, under the 
direction of the Superintendent of the Coast Survey, this Hydrographic 
Office is not only supplying corrected charts to the vessels of the Navy, 
bat is collecting information as to ice which endangers every ship or 
steamer of the great lines which connect our Northern ports with Great 
Britain and France, and it also publishes constantly information as to 
changes in lights and buoys and discoveries by all nations of shoals aud 
dangers not laid down upon the charts in common use. It publishes at 
Bbort intervals, not only printed information by bulletin sent to commer- 
cial centers in this countrj^, but i^ilot charts, especially of the North 
Atlantic, giving the latest intelligence in regard to currents and winds, 
Sknd the location, vshen last seen, of all floating wrecks aud derelicts, 
£^iid of the icebergs and other floating ice which, through the whole 
spring, summer, and fall seasons, lie along the eastern edge of the Great 
CBanks, directly in the track followed by hundreds of steamers and sail- 
ing vessels, carrying many thousands of travelers, passengers, and imuii- 
^ants, and the millions of dollars of our exports and imports. 

This work of the Hydrographic Office is evidently of great value and 
importance to our commercial and business interests, and must save 
many vessels from wreck, and many lives from destruction. Nav^al ves- 
.sels, under direction and instruction of the Hydrographic Office, also 
survey foreign coasts and unsurveyed harbors and channels, aiding 
powerfully in the extension and introduction of our commerce to such 
coasts and harbors, and they contribute to the knowledge of the earth 
and its inhabitants by deep-sea soundings, by observations of the cur- 
rents and winds and storms, and of the bottom of the ocean and of its 
shores. 

While this work is scientific work, your committee is not prepared to 
recommend that it be detached in any way from the control of the Navy 
Department; nor can they recommend that the hydrographic work of 
the Coast Survey, for over forty years conducted so satisfactorily under 
the civil control of the Coast Survey, be separated from that organiza- 
tion before the original survey shall be completed. After that is done, 
perhaps the work of re-sounding, of re-examining may, without injury to 
the service, be committed to the control of the Navy Department. Tet, 
even then, correction and revision of the Coast Survey charts will re- 



40 REPORT OP THE NATIONAL ACADEMY OF SCIENCES. 

quire some co-ordination, some authoritative connection between the 
Coast Survey Office and the parties and vessels engaged in these re- 
examinations for correction of our coast charts. 

. From the terms of the act under which your committee is considering 
this subject, it may be inferred that the principal question affecting the 
Hydrographic Office, on which an opinion is desired, is that of its con- 
solidation with the hydrographic work of the Coast Survey. The rea- 
sons for the consolidation of these two works under the Kavy Depart- 
ment have been urged with force by the Secretary of the Navy in his 
last two annual reports. But there are also cogent reasons on the other 
side of this question. The Coast Survey was specially organized to 
secure the harmonious cooperation of civilians, officers of the Navy, 
and officers of the Army, each in his own department, and yet in a 
single well co-ordinated work. No scientific depart nient of the Govern- 
ment has worked more successfully through the forty years in which 
this organization has been in operation. Eac)^ of the three branches, 
thus harmoniously co-operating, has received the benefit of the skill 
and professional exx>erience of the other. 

An organization of this sort should not, while its work is going on, 
be disrupted, except for very strong reasons affecting its efficiency. We 
would also advert, in illustration of the advantages which our military 
and naval officers have derived from their connection with the Coast 
Survey, to the brilliant list of military and naval men during the civil 
war who derived a very important part of their professional training 
from their experience on that work. Such a list would include an array 
of professional leaders which it would be difficult to collect from any 
other associated body of men. We suggest the names of Porter, the 
Eodgerses, of Meade, and of Humphreys. Many others might be added, 
who, after service on the Coast Survey, rose to high employments in 
the Army and Navy. 

While, therefore, your committee are not prepared at the present 
time to recommend the proposed consolidation, we do not conceive 
that Congress should adopt measures looking to the separation in per- 
petuity of the two branches under consideration. The policy of the 
Coast Survey should, we conceive, be directed towards the completion, 
at the earliest possible date, of the survey of our coast line ; its main 
operations will thereafter be confined principally to the interior, and 
then the policy of consolidating its hydrography with the work of the 
naval hydrographic office will be open for consideration. 

We are therefore of opinion that the Hydrographic Office of the Navy 
Department is worked with all due efficiency as it is now organized, and 
that no change is at present necessary in its relations to the Govern- 
ment. 

Preliminary to our recommendations as to the other three works upon 
which your committee is called upon to report, it desires to present some 
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general views respecting the working of the departments of the Gov- 
ernment. 

.We conceive it desirable that there should be a clear understanding 
as to what sorts of scientific investigation may be undertaken by Gov- 
ernment organizations. We conceive it to be a sound principle that Con- 
gress should not undertake any work which can be equally well done 
by the enterprise of individual investigators. Our leading universities 
are constantly increasing the means of scientific research by their pro- 
fessors and students ; and while the Government may with propriety 
eiicourage and co-operate with them there is no reason why it should 
compete with them. The scientific work of the Government ought not, 
therefore, to be such as can be undertaken by individuals. It should 
also be confined to the increase and systematizatiou of knowledge tend- 
ing ^*.to promote the general welfare "of the country. Within these 
two restrictions, there is a large and increasing field which is only partly 
occupied by the organizations now under consideration. In consider- 
ing the limits of their functions, your committee, as one of scientists, 
and not of constitutional lawyers, naturally confine themselves to con> 
eiderations afiecting the general welfare. 

The General Government having commenced a general trigonometri- 
cal survey of the United States on a large scale under organizations 
much more efficient in their action than those which any single State 
can provide, we conceive it desirable that the work thus undertaken 
should be continued at least to the point at which it can be advanta- 
geously taken up by the States themselves. At what precise limit the 
General Government should stop, we are not prepared 4:o decide, nor is 
it necessary that this limit should be defined at present. The attention 
of Congress should also be directed to the fact that the administration 
of a scientific bureau or department involves greater dif&culties than 
that of a purely business department. The connections between the 
work done, and the results ultimately to be attained for the public, are 
not at all obvious to the people and press, and thus the great benefit of 
vigilant watching and constant criticism is wanting. Again, its admin- 
istration requires a combination of scientific knowledge with adminis- 
trative ability, which is more difficult to command than either of these 
qnalities separately. These difficulties are intensified by the absence of 
any central authority to control- the work of a Government scientific or- 
ganization. Each head of a scientific organization is now, practically, 
absolutely independent, and, in his individual judgment of what his or- 
ganization shall do, is controlled only by Congress itself, acting only 
through its annual appropriation bills. We conceive that this state of 
things calls for measures of reform. 

A feature of such reform will be the collection of the organizations 
now under consideration together, with such other scientific bureaus as 
Gongi'ess may see fit to include in the scheme, under one central author- 
ity, to be recognized as responsible for, and controlling generally the 



42 BEPOBT OF THE NATIONAL ACADEMY OF SCIENCES. 

» 

scientific operations of the Government. Various forms of such an 
authority might be devised, the choice of which will some day be made 
by Congress. The best form would be, perhaps, the establishment of 
a Department of Science, the head of which should be an administrator 
familiar with scientific aiiairs, but not necessarily an investigator in any- 
special branch. 

DEPARTMENT OF SOIENOE. 

Your committee states only the general sentiment and wish of men of 
science, when it says that its members believe the time is near when 
the country will demand the institution of a branch of the executive 
Government devoted especially to the direction and control of all the 
purely scientific work of the Government. In this day, the pursuit of 
science itself is, visibb^ to all men of education, directly connected with 
the promotion of the general welfare. The art of photography, begin- 
ning in 1802, with the scientific experiments of Wedgwood, has devel- 
oped till, in this country alone, the annual value of photographs pro- 
duced is estimated at thirty millions of dollars. The study of electricity 
has resulted in the telegraph, the telephone, the electric light, the elec- 
tric railway, some of which results count their revenue by millions, and 
have created already within a few years of their discovery properties 
employing the capital of hundreds of millions. 

Kone who have lived with open eyes during the development of these 
results of purely scientific investigation doubt that the cultivation of 
science " promotes the general welfare." 

Should such a Department be now impracticable, should public opinion 
not be now ready for it, the next best measure, in the opinion of scien- 
tific men, would be to transfer all such work or bureaus to some ohe Execu- 
tive Department. Keeping in mind what has been said respecting the 
two classes of work under the Signal Service, we are of opinion that the 
functions of the several organizations under consideration could now be 
most advantageously divided among perhaps four bureaus, namely : 

1. The Coast and Interior Survey, to be concerned principally with 
geodesy and hydrography, and 4;o consist of the present Coast and Geo- 
detic Survey. 

2. The Geological Survey, to comprise the present Geological Survey 
with its organization unchanged. 

3. The Meteorological Bureau, to which should be transferred so 
much of the present personnel and functions of the Chief Signal Office 
as are not necessary to the military duties of that office. 

4. A physical observatory, to investigate the laws of solar and ter- 
restrial radiation and their application to meteorology with such other 
investigations in exact science as the Government might assign to it. 
In this. connection, attention is called to a resolution passed by the re- 
cent Electrical Conference in Philadelphia requesting the establishmenti 

the Government, of a bureau of electrical standards. We are of 
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opinion tbat the functions of the Bureau of Weights and Measures, now 
performed by the Coast Survey, could be advantageously transferred to 
the proposed bureau, and extended so as to include electrical measures. 
The members of your committee are conscious that placing these 
bureaus under one Department would not necessarily result in the 
proper coordination of their work, because the head of such Depart- 
ment would probably find it impracticable to enter into the considera- 
tion of all details necessary to that puri)ose. It appears to us that 
the evils already pointed out requite in any case the organization of 
a permanent commission to prescribe a general policy for each of these 
bureaus. The functions of this commission would be — 

I. To examine, improve, and approve the plans of work proposed 
by the several bureaus, and to revise their estimates in accordance 
with such plan. The performance of this duty would require consul- 
tation with their chiefs generally and separately, respecting the char- 
acter of their work, and they should be members of the commission. 

II. To approve in detail the methods of expenditure of the appro- 
priations. 

III. To recommend such measures as they deem necessary to the 
efficiency of the bureaus under their supervision. It should, however, 
be understood that this commission is not charged with purely admin- 
istrative responsibility. 

It prescribes what shall be done^ and recommends any measures nec- 
■essary to secure that object, but does not concern itself with adminis- 
trative details. 

We subniit the following as a suggestion for the formation and ^>ct- 
sormel of such a commission. 

The commission shall consist of (1) the President of the l^ational 
-A.cademy of Sciences ; (2) the Secretary of the Smithsonian Institution ; 
(3 and 4) two civilians of high scientific reputation, not otherwise in the 
Government service, to be appointed by the President of the United 
States, for the term of six years ; (5) one officer of the Corps of En- 
gineers of the United States Army ; (C) one professor of mathematics 
in the iJavy, skilled in astronomy, these two to be designated by the 
President of the United States for a term of six years, who, with (7) the 
Superintendent of the Coast and Geodetic Survey, (8) the Director of 
the Geological Survey, and (9) the officer in charge of the meteorological 

service, shall constitute the commission of . The Secretary of 

the Department shall be, ex officio, president of the commission. 

The members of the commission, for their services as such, shall each 

be paid by the United States compensation in the sum of dollars 

per annum. Their necessary transportation and traveling expenses 
shall be provided for as are those of officers of the Army and JSTavy 
when traveling on public business or duty, to be paid out of the appro- 
priations for the services under their supervision. 
The commission shall meet in Washington, D. C, for the transaction 
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of business, not less than foar times a year. But the president of the 
commission may convene it whenever, in his judgment, the exigencies 
of the service require a meeting. 

The commission shall be attached to the office of the Secretary of the 

Department of , and, under his superintendence, shall exercise a 

general control over the plans of work of the United States Coast and 
Geodetic Survey, the United States Geological Survey, and the me- 
teorological service, and shall have the charge and custody of all the 
archives, books, documents, drawing, models, returns, apparatus, instru- 
ments, and all other things appertaining to the commission. 

The estimates of the heads of these bureaus or offices shall pass 
through the commission for revision apd approval, and, after the annual 
appropriations have been made, no money shJall be expended under them, 
except after revision and approval by the commission of projects sub- 
mitted by these bureaus in compliance with such projects. 

If at any time public money is being spent by any of these bureaus 
not in accordance with the views of the commission, the commission 
shall notify the proper auditor of the fact. 
Hespectfully submitted. 

M. C. MEIGS, 

Chairman of Committee. 
WM. H. BREWER. 
W. P. TROWBRIDGE. 
E. C. PICKERING. 
C. A. YOUNG. 
FRANCIS A. WALKER. 
S. P. LANGLEY. 
Washinoton, D. C, September 21, 1884. 



Letters from the Signal Office. 

Signal Office, War Departmbnt, 

Washington City, September 16, 1884. 
General C. B. Comstock, IL S, Army^ 

Secretary Committee of National Academy of Sciences : 

Dear Sir : In reply to your letter of the 10th instaut, requesting mo substantially to 
state what is necessary for *Hhe best organization of the Signal Service, the duties 
which it should perform, its relations toother scientific branches of the public service, 
and other matters relating to the subject which may occur " to me, I have the honor 
to express my decided opinions, based upon long observation and careful study, that 
no other than a military organization can secure that prompt and unbroken series of 
observations and reports which alone give the highest value to forecasts of weather 
and other branches of our meteorological work, and such is the testimony of all for- 
eign meteorological authorities whose opinion I have learned. 

The branch of duties known as military signaling, which has now become indis- 
pensable in all armies, must of oooise have a military organization. Now, the one or- 
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ganization performs both dnties, while, were the meteorological part to be performed 
by a civil one, the prcHent organization, Or its equivalent, would be needed for this 
'Wi'ork alone, while the military signal service would be wholly additional. 

The system now in use by this Government, surpassing as it does all others, and 
which is the result of fourteen years' experience and study and the expenditure of 
millions of money, would be wholly unsuited to any plan but a military one, and to 
attempt to transfer or change it would be the loss of system and plan, and a long step 
backward, even if it could finally succeed, which, without the obligations of regular 
enlistment and military discipline, it is believed it cannot do. 

In order that the Signal Service shall carry on all its present work efficiently, its 
personnel cannot be reduced either in numbers or grade, nor ought any of its work to 
be abandoned; and saving in money can be eifected only by more economical methods 
of administration. 

This can come only in one way ; that is, by completing its present partial organi- 
zation. As is well known, the Signal Corps, so far as it is an organization at all. has 
been built up step by step, according to a regular plan, till now it has head and feet, 
the former with the rank of brigadier-general and the latter of second lieutenant, the 
unfinished part being the intermediate grades. These have not yet been created, but 
the time has fully arrived for making them. These intermediate grades are now filled 
by temporary details from the line of the Army, and, before the officers detailed are 
fully familiar with their duties as signal officers, their colonels begin calling for them 
to go back to their regiments, which calls finally prevail. 

By this means, a large proportion of the time of these officers is consumed in getting 
ready for duty, and when they have become fully instructed and useful, they, with 
"their valuable and costly experience, are lost to the Signal Service. In this way, 
there is a groat waste, not only of time, which costs money, but in money itself, be- 
cause, like the work of an inexperienced mechanic, there is much waste of material. 

The needs of the Signal Service, then, make it imperative that the intermediate 
.^^ades of field officers, captains, and first lieutenants be now made, not only on the 
^core of efficiency, but of economy, and thjs is especially necessary at this time, since 
CDongress has adopted the plan of sending two officers of experience back to their 
^regiments whenever two sergeants of the Signal Corps are promoted to be second 
Xieutenants. Economies many times greater than the additional cost for salaries can 
I6e effected by a completed organization. 

It will be seen from papers already furnished, that In four years the expenditures 
^Df the Signal Service have been reduced, till now there is a saving of about $327,000 
-annually over what it cost when I assumed the office of Chief Signal Officer. Quite 
« large proportion of this extra expenditure was through extravagant methods that 
;probably would not have been adopted had the expenditures always been made by 
experienced officers of the Signal Corps. Scarcely a mouth has passed but some leak 
has been discovered and stopped, where money was unnecessarily spent, not cor- 
ruptly, but from inexperience and lack of that close and Intelligent attention to 
duty which springs from a wholesome esprit du corps, 

. The easy plan in the line of economy, which will give efficiency to the Service, is 
to complete the organization of the Signal Corps. The legislation necessary to do it 
is sketched in an accompanying paper. 

A considerable economy can also be eifected, while it will give safe storage to the 
vast accumulation of meteorological records, almost invaluable, and now greatly ex- 
posed to damage by fire, by building a suitable office for the Signal Corps. The 
amount for rents now, and for years past, is $7,000, while the needs for the next year 
will require $800 additional ; and, since the different branches of the office are scat- 
tered and located in nine distinct and separate buildings, some $3,000 a year is now 
paid to messengers and porters, which would then be saved. This makes a cost of 
$10,800, while a new office, better tidapted in every way to our purposes, and which 
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would give safety to the records, coald be built, with cost of site, for, 1^300, 000, or »t 
an annual interest, at 3 per cent., of $9,000, giving an annual saving of $1,800. 

These are the chief ways in which large savings can be made, while largely benefit- 
ing the service. 

These are but a part of the advantages to be derived from a completed organization, 
the chief one being, like that of a permanent staff everywhere, a better general ad> 
ministration. 

I have no doubt but that, had I had an organized corps, with officers of my own, 
whose points I fully knew, the disaster that overtook the Greely Relief Expedition 
of 1883 would not have occurred. The want of such a corps is felt every day, and 
it is hoped that Congress will no longer withhold its benefits, leaving it alone, of all 
services in the Army, weakened and embarrassed by the want of organization. 

I have here pointed out what appears to me the best organization of the Signal 
Service, based upon all the experiences and observations of tliis and other Govern- 
ments. 

I do not think it should be related in any way to other scientific branches of the 
public service, except in amity and courteous co-operation when opportunities occur, 
its work beiug entirely unique and separate, while its duties should be just what they 
are now, meteorological and military signaling, endeavoring in every possible way to 
develop the former, and improve the latter. This is enough work for one bureau. 

For a year, one of the professors of this corps, Mr. Waldo, by my direction, pursued 
the studies of the various branches of meteorological science in the best schools of 
Europe, becoming well acquainted with their progress and methods. I inclose his 
opinions upon the subject, and also those of Lieutenant Ray, U. S. A , who represented 
me at the International Polar Conference at Vienna last March, where he met the 
leading meteorologists of foreign countries. 

I am, very respectfully, your obedient servant, 

W. B. HAZEN, 
Brig, and Bvt, Maj. Gen,y Chief Signal Officer ^ U, S. A. 



Signal Office, War Department, 

Washington City, September 17, 1884. 
Maj. Gen. M. C. Meigs, U. S, Army, 

Chairman Committee of National Academy of Sciences : 
Dear Sir : In reply to your letter of August 14, 1 would respectfully state that most 
of the information desired will be found in the inclosed copies aud publications. 

1. The letter to General Comstock, secretary of the committee of which you are 
chairman (copy inclosed), contains much that otherwise would be written here. Its 
reading will be necessary to make complete what I desire to communicate. 

2. The pamphlet setting forth the needs of a completed organization for the Signal 
Corps, I call special attention to. The present plan of sending away to their regi- 
ments officers who have gained great experience is a constant loss, which no corps of 
men can suffer and hope to gain the highest efficiency. 

It is traditional that all, or nearly all, meteorological records of value, from the 
prime necessity of continuity, and the necessity of firmly holding the observers, have 
been kept by some order of military men. This need is now shown. 

3. The statutes and general legislation on which the Signal Service stands are 
fully given. ^ 

4. The scheme and rules for the Signal Service school at Fort Myer, Virginia. 
This school has received and is receiving very full and careful attention. 

5. A copy of the last annual report, from which can be readily gathered principal 
features of the cutrent work of the Signal Corps. In addition, since this report was 
written, a plan for giving the approach of '' cold waves " by flags has been adopted 
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and received with marked favor, as in some cases has the plan of giving the pro^ table 
changes of weather along lines of railroads by a system of colored disks, displayed 
on the moving trains. 

The snbject of earth currents of electricity in their relations to the weather has 
also been taken np within the last year. 

6. The annual report for 1882, with appendices, showing this work more fully. 

7. A full series of the current publications of the office. (Copies of these are sent 
to the chairman and secretary only.) 

8. A list of publications of the Signal Service since the present Chief Signal Officer 
has controlled it, printed and in press. 

The service n ow has a proficient and distinguished corps of professors, who hare 
began the work of original investigations upon this almost new work, the domain of 
meteorology. 

10. A list of foreign meteorological bureaus. 

For a short account of them, I refer to Professor Waldo's statement. By my direc- 
tion, he investigated for a year foreign meteorology, Sk6 studied and applied at the 
best seminaries in Europe I also call attention to the statement of Lieutenant 
Ray, on page 10, No. 2, inclosed papers, who represented the Chief Signal Officer at 
the late conference of the International Polar Commission at Vienna, where he met 
the directors of the chief meteorological bureaus of the world. 

In comparing the services of different nations, attention is invited to the radical dif- 
ference in purpose between the Signal Service of the United States and the services 
in foreign countries. It will be seen by tbe character of nearly all the legislation re- 
lating to the United States service since the joint resolution of February 9, 1870, that 
the prime object has always been to '* give warning of the approach and force of 
storms," and that the specific object for which the appropriations have annually 
been made has been the immediate and current benefits arising from the '' observa- 
tion and report of storms." The benefits of the first legislative action extended only 
to the sea and lake coasts ; but the results accomplished were so favorable, and the 
public benefits so considerable, that it was soon found necessary to extend the system 
of warnings and predictions, so as to more directly reach the great agricultural in- 
terests, such as cotton, sugar-cane, tobacco, corn, and fruit and vegetable-growing,, 
and stock-raising. So entirely have the money, time, and labor of the service been 
required to meet the public demands in this respect, viz, current observations and 
reports in the way of bulletins and predictions, that little has been left for climato- 
logical work or research. 

The services of most European governments, from the very nature . of their geo- 
graphical situations, have been established more for purposes of climatology, and 
scientific research and discussion, than for the current publication of observations 
and predictions. In most European countries, the meteorological work done is of use 
only ta scientific men, and then only after years of study and disenssion. In the 
United States, the Signal Service bulletins and publishes thrice daily, by its admira- 
bly trained and disciplined corps of observers, its meteorological reports for the en- 
tire country, within one to two and a half hours of the time of observation, in 
hundreds of the principal cities and ports, and the intelligent and educated American 
public daily uses these reports in nearly every branch of human industry, occupa- 
tion, and pursuit. The little that is published in the way of daily reports and pre- 
dictions in European countries reaches the public too late to be of much practical 
use, owing to causes which do not exist in the United States, where all the observers 
are directly under one headend act with the vigilance, celerity, and certainty, which, 
only the true military system can attain. I doubt if there is anything in any of 
these services that could be advantageously incorporated into our own. 

11. A statement of the comparative cost of the Signal Service now and four years 
ago. During this period, the practical work of the Signal Service has been nearly 
doubled, and its methods and work have been improved in every way. A few copies 
of onrrent publications of the former period are inclosed for c^oyQl^v^%»^. 
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12. A statement showing more specifically the objects to Which the appropriations 
for the Signal Service are directed. 

13. A statement of the relative cost of the Weather Bureau under its present mili- 
itary organization and a civil one. 

14. History of the Signal Service, with a list of signal stations. (This paper is not 
quite ready, and will be sent later.) 

I would prefer to answer only as regards the Signal Corps, and I can see no advan- 
tage in connecting it with any other scientific corps. 

I have already very fully stated how, in my opinion, it would be very desirable to 
complete the organization of the Signal Corps. 

I am, very respectfully, your obedient servant, 

W. B. HAZEN, 
Brig, and Bvt, Maj, GenH, Chief Signal Officer^ U, S. A. 



Letter from the Director of the Geological Survey, 

Hotel Lafayette, 
Fhiladelphiaf September 8, 1884. 
Sir : I have the honor to acknowledge the receipt of your letter as chairman of 
the committee of the National Academy of Sciences, requesting from me a statement 
of the organization of the United States Geological Survey, and an outline of its 
operations. The following is a reply thereto : 

I. The organization under my direction is prosecuting a topographic survey of the 
United States under authority of law. For this purpose, it is executing a triangula- 
tion of the United States sufficiently refined for cartographic purposes, but not more 
refined than is necessary for the construction of good maps. In connection with 
this work, there is, first, an astronomic and computing division, the officers of 
which are engaged in determining the geographic co-ordinates of certain primary 
points; second, a trigonometric corps, engaged in expanding a system of triangula- 
tion over various portions of the country from measured base-lines ; third, a topo- 
graphic corps, organized for the purpose of prosecuting a topographic survey from 
the points previously determined by the astronomic and trigonometric divisions. 
This topographic corps is organized into twenty-seven parties, scattered in various por- 
tions of the United States. The topographic work is not everywhere carried on by 
the same methods, but the methods are somewhat diversified, depending upon the 
characteristics of the country surveyed, and the scale on which the maps are to be 
constructed. It is believed that this work should be more refined and elaborate in 
some portions of the country than in others, aifd the methods of survey in a level 
country necessarily differ from the methods to be pursued in a country of high and 
mountainous reliefs. Again, there are portions of the United States devoid of tim- 
ber, and other portions densely wooded, and, in these districts, diverse methods must 
be adopted. And still other reasons demand a variety of methods. The scale adopted 
for the general work varies from a^o^oo ir to quIoo - It is believed that the triangula- 
tion and topographic field-work are carried on with a degree of refinement sufficient 
for the scale adopted ; that is, determinations of positions and altitudes are made 
with all the approximation to accuracy that it is possible to utilize in representing 
the field-work on paper. 

II. With topographic maps constructed as above, a geologic survey is prosecuted in 
the field, embracing the subjects of areal and structural ^Jlogy ; that is, this survey 
is conducted for the purpose of exhibiting the geographic distribution of geologic for- 
mations, and plotting the same upon charts, and, at the same time, the structural geol- 
ogy of the formations is studied, and the materials collected in the field are plotted 
in geologic sections. While engaged in this field-work this corps of geologists collects 
fosstls^ minerals, ores, and rooks, for further study in the laboratories of the survey. 
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Uf. There are in the Survey three distinct corps of geologists engaged in the study 
of economic geology, at the present time relating especially to gold, silver, copper, 
iron, coal, and qnicksilver. 

lY. There are in the Survey, as at piesent organized, the following paleontologic 
laboratories: 

(a.) A laboratory of vertebrate paleontology for formations older than the Qnater- 
nwy. In connection with this laboratory, there is a corps of paleontologists. 

(ft.) There is a laboratory of invertebrate paleontology of Quaternary age, with a 
eorps of paleontologists. 

(0.) There is a laboratory of invertebrate paleontology of Cenozoic and Mesozoic 
age, with a corps of paleontologists. 

(d.) There is a laboratory for invertebrate paleontology of Paleozoic age, with a 
corps of paleontologist-s. . 
(e.) There is a laboratory of paleobotany, with a corps of paleobotanists. 
The paleontologists and paleobotanists connected with the laboratories above de- 
scribed, study and discuss in reports the fossils collected by the general geologists in 
tlie field. They also supplement the work of the field geologists by making special 
collections in important districts and at critical horizons ; but the paleontologists are 
not held responsible for areal and structural geology on the one hand, and the geolo. 
gimti are not held responsible for paleontology on the other. In addition to the large 
lumber of paleontologists on the regular work of the Geological Survey, as above de- 
Aoxibed, several paleontologists are engaged from time to time to make special studies. 
T. There is a chemical laboratory attached to the Survey, with a large corps of 
<^li.eniibt8 engaged in a great variety of researches relating to the constitution of 
^^^uteiB, minerals, ores, and rocks. 

TI. There is a lithologic laboratory in the Survey, with a large corps of lithologists 
^^gaged in the microscopic study of rocks. 

YII. There is a physical laboratory in the Survey, with a small corps of men en- 
in certain physical researches of prime importance to geologic philosophy. 

VIII. There is in the Survey a division of illustration, organized for the purpose of 
taring illustrations for paleontologic and geologic reports. 

IX. There is in the Survey an extensive geologic library, and the librarian has a 
^^^rps of assistants engaged in bibliography. 

X. There is in the Survey a division of mineral statistics, with a large corps of men 
^^iigaged in statistical work, the results of which are published in an annual report 
Entitled ''Mineral Resources. '^ 

With the organization above indicated, a general topographic and geologic survey 
of the United Stat-es is in progress, and the officers of the Survey at the present time 
«»re widely scattered throughout the country. 

The topographic sui*vey of the United States properly commenced about the year 
1870, under the four organizations that were subsequently consolidated so as to con- 
stitute the present United States Geological Survey. The work has been continued 
under the present organization by methods more elaborate and refined. The t<>tal 
area topographically surveyed at the close of the present field season will be some- 
thing more than 600,0UO square miles. In the prosecution of this work, the triangu- 
latiou of the Coast and Geodetic Survey, the triangulatiou of the Lake surveys, and 
various other geographic works prosecuted by the General Government, and by the 
several States, and by private enterprise arc utilized to the greatest possible extent. 
In general geology, the work heretofore done by the General Government, and by the 
several State govern men ts,^nd by various individuals is also utilized to the greatest 
posbible degree. 

In connection with the general survey embracing topography, general geology, and 
mining geology, certain great economic problems are under investigation. The most 
important of these relates to the irrigation of the arid portions of the United States. 
The second question of importance relates to the relief which will be afforded to the 
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lower valley of the Mississippi by utilizing the waters that flow from the Rocky 
Mountains on the west, and the great plains in irrigation. A third problem of great 
importance relates to the distribntion of the forest areas of the country. 

The organization and operations of the Survey are thus briefly set forth, in compli- 
ance with your request. 

I beg permission to make a request, viz : That I may be permitted to present to the 

committee of the Academy over which you preside, certain opinions relating to the 

organization of the scientific work of the Government, on a comprehensive plan, by 

which the work can be more thoroughly co-ordinated, more systematically prosecuted, 

and more economically administered than at present, and to present the facts on which 

these opinions are founded. I beg permission also to state that I should esteem it a 

pleasure to answer any further inquiries, to any desired extent of detail, which the 

committee may wish to propound. 

I am, with great respect, your obedient servant, 

J. W. POWELL. 
General M. C. Meigs, 

Chairman Committee National Academy Sciences j Washington, D, C. 



Beply of the Superintendent of the Coast arid Geodetic Survey to the inquiries of the chair- 
man of the committee of the National Academy of Sciences, 

United States Coast and Geodetic Survey Office, 

Washington, September 19, 1884. 

Dear Sir : In compliance with your invitation through the Secretary of the Treas- 
ury under date of August 14, 1 communicate herewith the following statement in 
regard to the organization of the Coast and Geodetic Survey, and the present condi- 
tion of the work, for the information of your committee. 

historical sketch. 

A systematic survey of the coast was first inaugurated by the aet of Congress of 
February 10, 1807, which read as follows : 

"AN ACT to provide for surveying the coast of the United Stat-es. 

**Be it enacted, fc, That the President of the United States shall be, and he is hereby, 
authorized and requested to cause a survey to be taken of the coasts of the United 
States, in which shall be design9>ted the islands and shoals, with the roads or places 
of anchorage, within twenty leagues of any part of the shores of the United States ; 
and also the respective courses and distances between the principal capes, or head- 
lands, together with such other matters as he may deem proper for completing an ac- 
curate chart of every part of the coast within the extent aforesaid.'' 

The work was assigned to the direction of the Treasury Department, where it con- 
tinued until 1817, when the bill making appropriations for the work ctmtained a pro- 
viso that the survey should be conducted only by naval officers. The work, then 
just fairly inaugurated, was thus discontinued as a separate organization, and only 
disconnected surveys were made as opportunity or occasion presented. Such discord 
and dissatisfaction resulted from the want of system that in 1832, July 10, the survey 
was reorganized by the following act : 

"AIT ACT to carry into effect the act to provide for a survey of the coast of the United States. 

"Section 1. Be it enacted, ^c, That for carrying into e£fect the act entitled *An 
act to provide for surveying the coasts of the United States,' approved on the 10th 
day of February, 1807, there shall be, and hereby is, appropriated a sum not exceed- 
ing twenty thousand dollars, to be paid out of any money in the Treasury not other- 
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wise appropriated ; and the said act is hereby revived, aud shall be deemed to pro- 
vide for the survey of the coasts of Florida, iu the same manner as if the same had 
been named therein. 

"Sec. 2. That the President of the United States be, and he is hereby, authorized, 
in and about the execution of the said act, to use all maps, charts, books, instruments, 
and apparatus which now, or hereafter, may belong to the United States, and employ 
all persons in the land or naval service of the United States, aud such astronomers 
and other persons as he shall deem proper." 

Upon reorganization, the conduct of the work was assigned to the Treasury Depart- 
mtot. In 1834, it was transferred, as an organization, to the Navy Department (by 
Executive order, the matter being then within the functions of the President), but the 
extreu)e difficulty of conducting such work under other than a civil organization was 
80 forcibly shown that after two years' trial it was retransferred to the Treasury De- 
partment, where it has since remained. 

The question of assignment t:0 the Navy Department being constantly agitated 
Congress, in 1843, provided for an examination into and settlement of the matter by 
the following act of March 3, 1843 : 

"AN ACT making; appropriations for year ending June 30, 1844. 

"For survey of the coast of the United States, including compensation of Super- 
intendent and assistants, one hundred thousand dollars : Provided^ That this, and all 
other appropriations hereafter to be made for this work, shall, until otherwise pro- 
Tided by law, be expended in accordance with a plan of reorganizing the mode of ex- 
ecuting the survey to be submitted to the President of the United States by a board 
of officers which shall be organized by him, to consist of the present Superintendent, 
his two principal assistants, and the two naval officers now in charge of the hydro- 
graphical parties, and four from among the principal officers of the Corps of Topo- 
graphical Engineers; none of whom shall receive any additional compensation what- 
ever for this service, and who shall sit as soon as organized. And the President of 
the United States shall adopt and carry into effect the plan of said board, as agreed 
npon by a majority of its members. And the plan of said board shall cause to be 
employed as many officers of the Army and Navy of the United States as will be com- 
patible with the successful prosecution of the work; the officers of the Navy to be 
employed on the hydrographical parts, and the officers of the Army on the topographi- 
cal parts of the work ; and no officer of the Army or Navy shall hereafter receive any 
extra pay out of this, or any future appropriations for surveys." 

After discnssing the matter, outlining the methods, and defining the duties of those 
employed, the Board adopted the following resolution, expressive of their opinion as 
to which Department should have control of the work : 

"Jieaolvedf That inasmuch as the object and purpose of the Survey of the coast refer 
priDcipally to the commercial interests of the country, and as all thelaws of Congress in 
relation to the same contemplate the employment of civilians and officers of the Army 
and Navy upon said work, it is the opinion of this Board, and they do hereby respect- 
fally recommend, that it should be under the control, and considered a part of the 
Treasnry Department." 

The plan of organization submitted by the Board received the President's approval 
and became operative on April 29, 1843, and has been since then the basis upon which 
the Survey has been conducted. 

In the spring of 1848, an attempt was again made in Congress to transfer the Survey 
to the Navy Department. It was defeated in the House by a vote of 90 to 36. . In the 
spring of 1849, in the Senate, Mr. Benton moved to amend the civil bill as it came 
from the^Honse by reducing the amount appropriated for the Coast Survey, and add- 
ing the words "the said Survey shall be carried on exclusively by the Navy Depart- 
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ment, under the direction of the President of the United States.'* After a fall discus- 
sion, the amendment was lost, only two Senators voting for it. 

On December 31, 1850, a resolution of the Senate called upon the Secretary of the 
Navy to report what advantages would be derived by a transfer of the Coast Survey 
to the Navy Department, and upon the Secretary of the Treasury to state why, in 
his opinion, such transfer should not be made. Their replies are printed as Senate 
Ex. Docs. Nos. 35 and 3(5, Thirty-first Congress, second session (15 February, 1851). 
The arguments in favor of transfer were not considered of sufficient weight to war- 
rant any change. The propriety of maintaining the Survey as a distinctive civil or- 
ganization then became so generally recognized that no further serious attempt was 
made for many years. 

In 1871 (act of March 3), the field operations of the Coast Survey were extended so 
as to include the execution of a primary triangulation across the continent to form 
a geodetic connection between the Atlantic and Pacific coasts. The same bill author- 
ized the extending of aid to States for the survey of their territory, by the following 
clause : 

*' Provided J That the triangulation shall determine points in each State of the Union 
which shall make requisite pn> visions for its own topographical and geological sur- 
veys." 

Under the previsions of this last clause, eleven States have inaugurated surveys 
which are now in active i^rosecution under direction of the Coast and Geodetic Sur- 
vey. 

With this enlargement of the functions of the Survey, its name was changed to the 
United States Coast and Oeodetic Survey. 

In 1878, a clause of the sundry civil bill (June 30) read as follows: ''And the Na- 
tional Academy of Sciences is hereby required, at their next meeting, to take into 
oousideration the methods and expenses of conducting all surveys of a scientific 
character under the War or Interior Department, and the surveys of the Land Office, 
and to report to Congress, as soon thereafter as may be practicable, a plan for survey- 
ing and mapping the Territories of the United States on such general system as will^ 
in their judgment, secure the best results at the least possible cost ; and also to recom- 
mend to Congress a suitable plan for the publication and distribution of reports, maps, 
documents, and other results of the said surveys.'^ 

Their report (H. R. Mis. Doc. No. 5, Forty-fifth Congress, third session, December 3, 
1878) recommends the consolidation of all surveys of mensuration under one head ; has 
carefully considered the various questions, and believes that the Coast and Geodetio 
Survey is practically best prepared to execute the entire mensuration system re- 
quired, and suggests such consolidation under the Coast and Geodetic Survey, its name 
to be changed to the Coast and Interior Survey. 

At the same time, it recommended the establishment of an independent organization, 
to be known as the United States Geological Survey, to becharged with the duty of 
examining into the geological structure, natural resources, and production of the pub- 
lic domain, but that no surveys of mensuration be made by it other than local topo- 
graphical surveys for development of special mineral deposits. 

The recommendations of the Academy were so far adopted as to leave the Coast and 
Geodetic Survey in charge of the survey of the coast, and of the State surveys and in- 
terior geodetic work, to discontinue the various geological and geographical surveys, 
and to organize the United States Geological Survey, charging it with the duties speci- 
fied by the Academy. Its functions were to be confined to geology and not to em- 
brace geodesy (sundry civil bill, March 3, 1879), 

In his annual message to Congress, presented in December, 1882, the Secretary of 
the Navy recommended the transfer to his Department of the Coast and Geodetic Sur- 
vey, the Revenue Marine, the Life-Saving Service, the Light-House Board, and other 
bureaus of the Treasury Department. The heads of the various bureaus named were 
invited by the Secretary of the Treasury to make such statements in regard to the 
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proposal as shoald seem advisable. Their replies were published as Treasury Doc. 
No. 305 (January, 1863), and the arguments presented in opposition to the transfer 
of aoy of the bureaus were such that no action was taken. 

From the foregoing it will appear that the present organization of the Coast and 
Ooodetic Survey may be briefly stated as follows : 

Its organization provides for a survey of the coasts of the United States upon the 
basifl of a trigonometrical survey, as set forth in the act of 1843. 

In 1871, the extension of the tri angulation to a liue reaching across the continent, 
and connecting the surveys of the Atlantic and Pacific coasts was authorized, as well 
as the supplying of points for State surveys in such States as jirovided for a topo- 
graphical or geological survey of their area. This had underlying the idea of an 
ultimate trigonometrical survey uf the wliole area of the country, giving natural 
precedence to those regions where circumstances most called for such work. The 
views which have guided my predecessor and myself in this shaping of the future 
of the work were expressed by me in the subjoined letter to the chairman of the 
House Committee on Appropriations in 1882: 

Unitkd States Coast and Geodetic Survey Office, 

Washington, May 2, 1882. 

Sib: In compliance with yonr request, I submit a statement of the scientific objects 
and practical usefulness of the work enrri^.d on for some years past by this office, un- 
der the designation of 'Hriangulation to connect the Atlantic and Pacific coasts," and 
^* determination of points in aid of State surveys." 

That work was first authorized in the appropriation bill for the year 1871-72,* and 
with slight variations in the terms of appropriation, Hini[>lifying the statement, has 
been provided for ever since. 

The immediate object of the geodetic connection, or transcontinental triangulation, 
isto ascertain accurately the distance betweon some points nn the two coasts, and their 
relative positions on the surface of the earth. This requires the same operations of 
base measure and triangulation, and, at frequent points, observations of latitude, 
longitude, and direction of the meridian, as are made for the surveys of the coasts. 

By this means we obtain, in addition to the separate surveys of the coasts proper, 
a connecting link, which gives for a general map of the whole country a known skele- 
ton or framework. 

Such a connecting link is a necessary and proper part of a survey of the '^coasts 
and adjacent islands, &c., of the United States," as originally provided for by law, in 
order to bring into harmony the measurements along the Atlantic and Pacific coasts. 
This is sufficiently obvious to allow us to believe that it would have been specified in 
the original law if the country had, at the time of its enactment (1807), had a "west- 
em coast." In fact, the terms of section 4681 (Revised Statutes) require no straining 
to be applied to the ascertainment of the distance and direction between Cape Cod 
and Cape Mendocino, or between Sandy Hook and the Golden Gate. 

In addition to this requisite purpose of the transcontinental line of survey, it pre- 
sents the following scientific and practical advantages, viz : 

scientific results. 

It accomplishes incidentally — 

Ist. The measurement of an east-and-west line of about three thousand miles, the 
curvature of which is determined by the longitude observations, and thus contributes 
by far the longest arc of a parallel that has been measured for the determination of 
the size and figure of the earth, just as the survey of the coast contributes, incident- 
ally, important meridional measurements. 

2d. The accurate determination of the height above the sea level of a great number 
of points along the line, affording a common datum plane for all elevations across the 

*tfee page 10, Laws and Regulations Coaat» «bW^Qtfto^^\»\<s.%vxr?«^. 
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oontinent, and also ascertaiDing the relation of Ihe mean level of the ocean on the 
eastern and western coasts. 

PRACTICAL ADVANTAGES. 

The transcontinental link furnishes accurate base lines for all State surveys within 
its range, and pute into position the (so-called) meridians and ba^e lines of the public 
land survey wherever it intersects them. Such surveys as now exist are irreconcila- 
ble, frequently by many miles. The best maps of the States of Ohio, Indiana, and 
Kentucky, constructed upon independent data, when put together, leave no delinea- 
tion of the Ohio River. Between the land survey maps of Illinois and Missouri, the 
Mississippi River presents in places wide lakes, in others, it entirely disappears. 

Without some outside check, no property surveys can be combined into a town map, 
no town surveys can be combined into county maps, mo county surveys can be com- 
bined into a State map. A map of a State constructed upon such a basis will be 
widely in error, while that of a State constructed upon the reverse method; viz., a 
system of some accurately ascertained points, from which one or more points in every 
county are derived by triangulation, will possess all the essentials of correctness. 

In the foregoing considerations, except so far as the direct connection between the 
surveys of the Atlantic and Pacific coasts is concerned, there is underlying the general 
idea that in time it will become necessary to have a correct map of the whole area of 
the United States. 

The detail of such a map may properly be constructed by each State as their necea" 
sity and convenience may require. The situation in regard to Government surveys of 
the several States differs very much according to their history, the more recent States 
having been parceled out according to the system of the public land surveys, which 
furnish at the charge of the General Government at least an approximate map of the 
most important features of the country, while the older States have had no such 
benefit. 

A simple frame\*ork of points from 15 to 25 miles apart within which all local sur- 
veys must rigorously fit is all that is requisite to bring harmony into what is now 
utter confusion. 

Such is the work now in progress in nine States, under the recital of the general 
appropriation for the United States Coast and Geodetic Survey: "Furnishing points 
jfor State surveys." *' 

Leaving to each State the care of making provision for detailed surveys of bounda- 
ries and properties within its limits, or for topographical and economic purposes at 
such times as their occasions may demand, it remains evident that a general frame- 
work of accurate distances and bearings between intervisible points covering the 
whole country is necessary to secure unity and harmony in all its parts. 

This general framework is necessarily a national work. It is not proposed to press 
it forward in advance of the requirements of the times, but with reasonable foresight 
to have it in hand for the inevitable demand. 

Mr. Chairman, I will not expand further the statement which you have given me 
the opportunity of making, but will only add the statistical facts that within recent 
years about $30,000 hava been expended annually upon 'triangulation between the 
Eastern and Western coasts, and about $15,000 for aid to State surveys distributed 
in nine States. The former object can be completed at the same rate of expenditure 
in five years; the latter is indefinite in its character, and subject to such expansion as 
Congress may see fit to give to it from time to time. 

I have not referred to the work of this nature that has been done by other nations — 

even by those of the scantiest resources — because the general facts are too well known 

to require recital in this brief statement. 

Very respectfully, 

J. E. HILGARD, 

Superintendent, 
Hon, Frank Hiscock, 

Chairman Committee on AppropriaHons, Hou*e of Rcpre«ealall«e%. 
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Moderate appropriations have been granted annually for this class of ^vork ; for the 
traiiBContinental triangulatiou about ^30,000 (this year only |20, 000), and for geodesy 
for the several State snrveys about $14,000. The present status of the work is as 
follows, approximately stated : 

DrmnaeonHnental triangulation about three-fifths done. 

Smrveff in Statet table prepared June, 1884. (See l)elow.) 

8UUm in which triangulation has been carried on under the appropriation ^^ for furnish" 

\ded %% 



ing points for State surveys,''^ and amounts expended in 18d3-'84. 



/ 



State. 



Vew Ebunpsbire 
YoriDOiit ....... 

ITew Jeney 

PflBBsylvmiA... 

Tenneeaee 

Kflntnokv 

Ohio 

LidUuw 

Witoonsiii 



Amount. 



$1,818 
1,210 
2,838 
1,430 
1,447 
2,005 
785 
1,406 
2,280 



Name. 



Progress. 



Prof. 
Prof. 
Prof. 
Prof. 
Prof. 
Prof. 
Prof. 
Prof. 
Prof. 



£. T. Qnimby . . . 
V. G. Barbour .. 
E. A. Bowser . . . 
M. Merriman . . . 
A. H. BucbaDan. 
J. R. Proctor . . . 

R. S. Devol 

J. L. Campbell.. 
J. E.Davies 



Tbree-fourths completed. 

One-foorth completed. 

Two-tbirds completed. 

SB. portion nearly completed. 

One-tbird completed. 

Well under way. 

Lately becan. 

Much laid out to be done. 

Sonthem border nearly completed 

and reconstruction of portion of 

center. 



These amounts were allotted last year to each State where the geodetic work was 
tntniBted to some scientific man employed by the State. 

The Coast and Geodetic Survey supplies instruments, criticizes and approves esti- 
mates, and keeps general control, assimilating the work to its own well established 
methods and principles. Under its care the work has made good progress in each 
State. 

In regard to the survey of the coast proper, the following statement will give a 
general view of its condition : 

On the Atlantic and Gulf coast the survey is about nine-tenths completed. The 
changes which take place in the shores and channels, mainly from natural and partly 
^Tom artificial causes, render resurveys necessary from time to time, in different places, 
in order to keep tbe charts aud sailing directions up to date. Of the important harbor 
of New York, the ftitrance is kept under annual examination in order to keep track of 
the changes, and, if possible, control their causes. A complete resnrvey of the great 
thoroughfare of Long Island Sound is in progress under special appropriations, as, in 
time, great changes have taken place, or many localities have very much grown in im* 
portance. A complete resurvey of Delaware Bay is just about being finished. 

It is evident that even where the whole extent of the coast has once been charted, a 
considerable amount of work must continually be done in order to maintain the cor- 
rectness of the charts and ^' coast pilots " or sailing directions. I estimate that it.will 
require a force of two parties, one ashore aud one afloat, in each of five districts be- 
tween Passamaqnoddy Bay and the Rio Grande to keep up tbis work. 

The survey of the Pacific coast between San Diego (the Mexican boundary) and 
Fnca Straits (with Puget Sound) is about three-fifths done, and the publication of 
charts, sailing directions, and tide tables is proportionally advanced. The same oon- 
Biderations in regard to future resurveys obtain here equally as on the Atlantic coast. 
One resnrvey of San Francisco Bay has been made some ten years ago, and a new one 
is now strongly urged. 

In the territory' of Alaska, no minute or exact surveys have yet been undertaken, 
as the condition of the country does not yet call for them, but a good deal has been 
done in the way of geographical exploration and hydrographic reconnaissance. Many 
charts of approximate correctness have been published as well as a volume of sailing 
directions. 

Mention must not be omitted of the explorations of the Gulf Stream, having for 
their object the discovery of the laws that gov^tti \t, 'w\t\v t.\i^ nnrtw ^1 ^aJsxs^^^sA 
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accoant of it in navigation , and as an indication of the approach to our shores, as 
also of the researches into the distribution and laws of change of the earth's magnet- 
ism, by which we have been enabled to ascertain the variation of the compass along 
our coasts, as w^ell as over the whole country — a knowledge equally important to the 
mariner and to the land-surveyor. 

Having thus summarily recited the organization of the Coast and Geodetic Survey, 
and the present state of the work intrusted to it, I will now offer some remarks upon 
the second and third questions of the Congressional Commission as to the way in 
which certain scientific bureaus cau best be co-ordinated, and what changes or addi- 
tions in them are desirable. 

So far as the Coast and Geodetic Survey is concerned, it has no relations to the 
*' weather service," and I shall leave it out of consideration. 

The questions raised have, in great part, their origin in a recommendation of the 
Secretary of the Navy, that the administrative direction of the Coast Survey be 
transferred to his Department. I have endeavored to reply to this proposition in a 
letter addressed to the Secretary of the Treasury, which is subjoined : 

United States Coast and Geodetic Survey Office, 

Washington f January 6, 1883. 

Sir: The principal reasons against transferring the Coast Survey Service from the 
Treasury Department to the Navy Department must necessarily be those which led, 
in 1843, to the adoption of the present system of administration, together with the 
fact that the work has-been successfully conducted under the same. These consider- 
ations may be briefly stated as follows : 

The work is one which requires the co-operation of persons specially trained in 
geodesy or spherical surveying, in trigonometrical and topographical surveying, in 
nautical surveying and the science of navigation, beside the employment of mathe- 
matical computers, skilled draughtsmen, engravers, mechanicians, and other persons 
of special attainments. 

It was believed that an organization composed of such various elements, including 
civilians, engineer officers of the Army, and officers of the Navy, would be most ad- 
vantageously placed under a civil Department, where all difficulties arising from ques- 
tions of relative rank and special privilege would disappear. For this reason, and as 
relating mainly to the commercial interests of the country, the woi)^ was placed under 
the Treasury Department, which has charge of that part of the public service. 

It is claimed and admitted that this plan has worked well, and excellently well. 
. The permanent civil nucleus has preserved unity of plan and methods in the work, 
has fostered its progress and development, and has maintained the necessary strict co- 
ordination of the survey afloat with that of the shore. 

The spare force of the naval and military service has been utilized to advantage. 
There are not now any officers of the Army employed in the work, because their whole 
force is needed in improvements of rivers and harbors. In like manner, at times 
when the Navy required its whole force for war purposes, not a single naval officer 
was employed on the Coast Survey. On the contrary, civilians on the work per- 
formed duty with the fleets. The case is now reversed, and about fifty naval officers, 
mostly of lower grades, find useful employment and valuable experience on the Coast 
Survey. About 250 men are furnished with pay and rations, and the total expendi- 
ture on the part of the Navy amounts to about $250,000 a year, being 30 per cent, of 
the whole expenditure for the Coast and Geodetic Survey. This is made the ground 
by the Secretary of the Navy for the claim that the work should be transferred to his 
Department. It is not claimed that the officers would not be paid, whether on this 
duty or not. It is possible that the number of enlisted men, although within the 
whole number allowed for the Navy, might not be employed. We must admit, there- 
fore, that the appropriations for the naval service are increased by the pay and rations 
for the men employed on the Coast Survey, say |92,000 per annum, or less than 15 
per cent, of the whole expenditure for the work. This expenditure is necessary, if 
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tta woik is to be dona, whether adminietered ]by the Treasury or by the Navy De- 



Hie leading consideratioDS which I woald urge in opposition to the proposed trans- 
fer 111*7 be sammed up in the following propositions : 

1. The present system, perfected nearly forty years ago, has proved thoroughly 
eillrient, eoonomioal, and satisfactory to the conntry. It is wise to hold fast to that 
wbieh luw been proved to be good. 

fL It affords to the Navy all the advantages that can be legitimately claimed. It 
SBploys as miny of its officers in service afloat as can be advantageously used in 
hydrography. The employment of a larger number, in the event of a transfer, would 
icsnlt in training naval officers to be geodesists, topographers, chiefs of techntoal 
bareanSi and in withdrawing their interests and habits from the naval service 
proper. 

3. The efficiency of the service would suffer by the loss of ambition and emulation, 
whicli exist at present in a high degree, but which find no stimulasin a service where 
no positions of responsibility and direction are open to civil experts, however great 
their attainments and devotion to the public service. 
Yours, respectfully, 

J. E. HILGAED, 
Superintendent Coast and Geodetic Survey. 
Hon. Charlks J. Folqek, 

Secretary of the Treasury ^ JVashingtonf D, C. 

To the foregoing maybe added that the uaval officers are almost without exception 
well pleased with their service on the survey of the coast, although in reality more 
arduous than the regular routine of the naval service in time of peace. They are at 
all times, however, perfectly under the control of the Navy Department, and subject 
to being detached and ordered upon other duty. No officers above the grade of com- 
mander are attached to the survey ; most of the officers are of the grades between 
ensign and lieutenant. They* obtain a most valuable experience, which stands them 
In great stead on foreign stations. 

The hydrographic survey along our shores is in reality not a nautical survey, but, 
pnperly speakiug, a trigonometrical survey, in which the positions of the depths ob- 
served, of rocks afid shoals, are determined by the observation of angles upon objects 
on shore, which are known by the triangulation and topography, with which the 
hydrography is closely co-ordinated. It cannot be separated from them without 
losing much of its present excellence. 

It appears to me, then, that the existing relations of the Coast Survey to the Navy 
are working smoothly, economically, and efficiently, and that there is no reason for 
making any change. The plan has satisfactorily stood the test of time. 

The Hydrographic Office of the Navy Department has entirely different functions 
from those of the Coast Survey. They consist in publishing charts of foreign coasts 
for the use of the Navy and our commercial marine, as also of directing surveys on 
foreign nnsurveyed coasts by our naval vessels, when their opportunities permit. 
There is no duplication of work between the two services, and the distinction is 
clearly drawn, so that there is no clashing. 

Another and principal motive for the questions propounded by the Congressional 
commission, is a supposed want of co-ordination of the work of the Geological Sur- 
vey and the Coast and Geodetic in the interior, and a consequent duplication of work 
and useless expenditure. Such a state of facts does not actually exist by reason of the 
willing co-operation of the chiefs of the two works. Whenever the operations of the 
Geological Survey have touched regions to which the trigonometrical work had been 
extended, the director of the former work has applied for the geographical positions 
and distances determined, and has been promptly supplied with them. But it is 
obvious that here is a danger of interference and of duplication. It is necessary that 
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the fanctions of the two organizations shonld he clearly defined, and that the mode 
in which their operations are to he co-ordinated shonld he firmly estahlished. 

To this end I am now, as I have always heen, frankly in favor of the plan submitted 
by the Academy to Congress in 1878, according to which the Coast and Geodetic Snr- 
vey should he transfeiTed to the Interior Department, ** retaining its original field of 
operations and assuming also the entire mensuration of the public domain," and to be 
known hereafter as the Coast and Interior Survey. 

I see no objection on the part of the Coast and Geodetic Survey to such transfer to 
another civil Department, provided its present scope is preserved, and ^here is added 
to its functions the gradual execution of a trigonometrical network over the whole 
country, as a basis for all economic or property surveys and maps, and likewise all 
accurate topographical surveys. 

The requisite co-operation in the plans and execution of the work of the different 
scientific bureaus can then be secured by the consultation of a board composed of their 
heads reporting to the Secretary. 

Such appears to me to be a feasible plan, which, in time, may lead to the estab- 
lishment of a separate governmental department. 
Very respectfully yours, 

J. E. HILGARD, 
Superintendent Coast and Geodetic Survey. 

General M. C. Meigs, 

Chairman Committee of the National Academy of Sciences. 



Jitter from the Hydrographic Office, 

United States Hydrographic Office, 
Bureau of Navigation, Navy Department, 

Washingtony September 17, 1884. 

Sir : I have the honor to acknowledge the receipt of the Bureau's letter of Auaust 
16, inclosing a letter from General M. C. Meigs, U. S. A., chairman of a committee of 
the National Academy of Sciences, in which I am requested to give information in 
reference to the organization and operations of the Hydrographic Office. I have the 
honor to give the following as the organization of this office: 

In 1846, Lieut. M. F. Maury, when in charge of the Naval Observatory and Chart 
Depot, which was at that time under the Bureau of Ordnance and Hydrography, 6e- 
gan the collection of information from the logs of vessels, according to a carefully de- 
vised scheme, for the purpose of making charts to show the prevailing winds and 
currents, their limits and general characteristics, and. In general, all the physical 
features of the ocean, including its meteorology, the limits of icebergs, the feeding 
ground of whales, and all facts of interest and value to the maritime community. It 
was a long time before important results were obtained, but gradually mariners of all 
nations became interested, and sent their logs for examination. From the data thus 
gathered, Lieutenant Maury constructed his famous wind and current charts, and 
wrote his sailing directions. These charts and sailing directions have become known 
the world over, and the routes therein laid down for passages are followed to this day. 
It was estimated that the saving of time by the routes thus determined was equivalent 
to many millions of dollars annually. Two hundred thousand of the charts and twenty 
thousand of the sailing directions were distributed gratuitously to the masters of 
vessels who had contributed their logs. The continuance of this work, of invaluable 
benefit to the maritime interests of the world, was interrupted by the war, Maury's 
last publication appearing as Monograph No. S in May, 1861. 
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The Hydrographic Oflict) was definitely established by the act of Congress approved 
June 21, ld66y now embodied in the Revised Statutes as follows (par. 431) : 

"There shall be a Hydrographic Office attached to the Bureau of Navigation in the 
HftTy Department, for the improvement of the means for navigating safely the vessels 
of the Navy and of the mercantile marine, by providing, under the authority of the 
Secretary of the Navy, accurate and cheap nautical charts, sailing directions, navi- 
gators, and manuals of instruction for the use of all vessels of the United States, and 
for the benefit and use of navigators generally.'' 

An appropriation was made at about the same time for the purchase from Messrs. 
E. and O. Blunt, of New York, of Bowditch's Navigator, and of a number of copper 
{dates of charts of the several oceans, and of the waters adjacent to the coasts of the 
United States, but not including the coast lines. A new edition of the Navigator was 
published, and charts were printed from tbu plates, and sold to the merchant marine 
as they were called for. The plates of Maury's Wind and Current Charts were 
turned over to the Hydrographic Office, as well as those prepared under a special ap- 
propriation from the surveys ma<le by the expeditious under Wilkes, Rodgers, Perry, 
and Page. To supply our ships of war with charts of every part of the world, copies 
were purchased of those published by the British Admiralty. A considerable number 
of admiralty charts have been reproduced ; some in copper plate, but the greater part 
by photo-lithography. 

Aa provided for in the statute establishing the Hydrographic Office, books relating to 
navigation, sailing directions, and other information of use to the navigator hav^ been 
prepared from time to time and published; correspondence has been carried on with 
foreign hydrographic offices, and the information thus obtained has been republished 
in the form of Notices to Mariners, which bave been distributed gratuitously to ma- 
rine agencies and insurance companies, and to masters of vessels who have applied 
for them. 

Efforts were resumed in 1873 to collect meteorological data from the merchant serv- 
ice for a new edition of Maury's Charts, and with the additional information obtained 
during the last twenty years, from the logs of our ships of war, a set of charts for the 
North Pacific has been prepared and published. 

'Sj^ work of the office, as now organized, is arranged in six divisions: Plate and 
printing ; Hydrographic Office charts, British Admiralty charts, books, notices and 
archives, drafting and engraving, and meteorology. 

PLATE AND PRINTING DIVISION. 

The copper plates belonging to the office in the plate and printing division, and 
available for use in printing, are as follows : 

Purchased from Messrs. Blunt 27 

Exploring expedition plates transferred to office 112 

Prepared by office, finished 165 

Maury's Wind and Current Charts 24 

Total 329 

The number of charts printed from the above plates during the year has been 
17,000. 

CHART DIVISION. 

The chart division has charge of all charts kept for issue to vessels, except original 
charts of the British Admiralty. They include charts printed from copper plates in 
the plate and printing division ; reproductions on stone of British Admiralty charts, 
together with a few original French charts, and charts of the United States Coast 
Survey. 



V 



60 



REPORT OF THE NATIONAL ACADEMY OF SCIENCES. 



The number of copies on hand Jane 30 was as follows : 



Designation of charts. 



From copper plates : 
Blunt 8 coarts . . 



Exploring expedition charts. 

Office charts, finished 

Office charts, unfinished 

Maury's charts 

From stone 



Deducting the wind and current charts. 
Total sailing charts 



814 



Numher 
of charts. 


Number 
of copies. 


271 
112 , 
140 

25. 

24 
510 


10,000 

22,000 
83,000 


838 
24 


115,000 
22,000 



93,000 



The number of charts issued during the year has been as follows : 

To ships of war , 5,941 

To merchant vessels transmitting meteorological jonrnals ,. 1, 570 

To home correspondents and libraries 574 

To foreign hydrographic offices (exchanges) 537 

To agents, for sale 8,857 

To navy-yards and Government offices 7,886 



Total 25,365 

ADMIRALTY CHART DIVISION. 

The hydrographic office connected with the British Admiralty has published a series 
of charts numbering about 3,000, and representing bodies of water in all parts of the 
world. From 75 to 100 charts are issued, and about double the number receive im- 
portant corrections annually. The series forms the most complete collection in exist- 
ence, and the navigators of all countries, whether naval or mercantile, mast rely pri- 
marily upon this office for charts. Of these publications, the admiralty chart diviMon 
of the Hydrographic Office keeps at all times a supply. At present, the aggregate 
number of copies on hand is 16,000, representing 2,300 charts. Every new chart, and 
every chart having important corrections, is received from the British Admiralty at 
the Hydrographic Office as soon as issued. 

DIVISION OF BOOKS. 

In the division of books, there are 20,000 copies of the publications of this office, of 
the United States Coast and Geodetic Survey, and of the Light-House Board, and 
others purchased abroad for the use of our naval vessels. The first only are kept for 
sale. Several copies of each publication are always kept corrected to the latest date. 

NOTICE AND ARCHIVE DIVISION. 

The division of notices and archives contains single copies of 7,000 American and 
foreign charts, kept for reference. In this division is also filed all naotical informa- 
tion from whatever source received. Daring the year, there have been received from 
thirty foreign hydrographic offices, and marine and port departments, 2,400 printed 
notices. The notices in foreign languages, including Chinese aad Japanese, as well 
as those of nearly every country in Europe, have been translated by naval officers at- 
tached to the division. The information obtained from the notices has been repub- 
lished in liotices to mariners, indicating changes of lights and buo^, and in hydro- 
graphic notices indicating changes in hydrography. 
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METEOROLOGICAL DIVISION. 

The piovince of the meteorological division is to famish blank meteorological jour- 
to the masters of merchant vessels who are willing to post them, the masters re- 
eeiring in return a set of charts covering the route to be traversed. The data ob- 
toined ftom these journals and from the log-books of ships of war are condensed for 
nae in the construction of new editions of Maury's Wind and Current Charts. From 
this diTiaion is issued a monthly pilot chart, which shows graphically the possible 
limits of the Gulf Stream, icebergs, the best track for steamers, reported rocks, shoals, 
«Qd other marine dangers, the establishment of new lights, and changes in position 
of buoys, &Ai. 

BRANCH OFFICES. 

In order to extend the full benefit of the co-operation of this office with all foreign 
oflBces to the merchant marine, branch offices are located in Boston, New York, Phila- 
delphia, Baltimore, New Orleans, and San Francisco. These branches are in charge 
of officers detailed from the main office. Each branch is supplied with charts cover- 
ings the navigable waters of the globe, nautical works, light lists, and sailing direc- 
tions, all corrected to date. The plan has the double advantage of placing within 
easy reach of masters of vessels all the information contained in the Hydrographio 
OflBce, and of enabling the office to obtain with greater fullness, accuracy, and dis- 
patch all the information brought to those ports by incoming navigators as the fruit 
of their own experience. The number of vessels boarded during the last six months 
foot» up 5,000. Logs have been examined, and barometers and charts corrected to 
date. 

For a thorough understanding of interior details, and what the office is accomplish- 
ing for the merchant marine and the cause of science, the office is at all times open 
to the personal inspection of those interested. 

Very respectfully, 

J. R. BARTLETT, U. 8. N., 

Commander and Hydrograph4r. 

Commodore J. G. Walker, U. S. N., 

W Chief of the Bureau of Navigation. 



Letters from Prof J, 1). Dana, 

New Haven, September 12, 1884. 

Dear Sir: On the urgent request of Prof. W. P. Trowbridge, I take the liberty 
of writing you briefly with regard to the kind of maps which appear to be needed for 
geological field work. 

I would remark, in the first place, that when in the field I have been always 
troubled by the want of a trustworthy map. I have worked much in the bordering 
parts of Connecticut, New York, and Massachusetts, and I have found it Impossible to 
unite the larger published maps of these several States into a common map, or the 
maps of Connecticut towns into a State map, without a degree of manipulation, of 
shifting of rivers and roads, that was shocking to one's scientific and moral sensibili- 
ties. Such facts are well known among State and town surveyors. There is obviously 
no doubt as to the great need of a geodetic and topographical survey that will result 
in the production of accurate maps. 

The maps should be large enough in scale for ordinary geological purposes, and ac- 
curate enough to admit of enlargement without introducing thereby serious topo- 
graphical errors. A scale of 2 inches to the mile I think would be sufficient for 
ordinary work. 
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The accuracy of the maps shonld be the highest that is attainable. The geologist 
needs to lay down the limits of formations, to determine and record bearings, to make 
records of the courses of structure-lines, of feature-lines, and of all lines of dynamical 
import. He finds often in feature-lines an indication of broad facts as to structural 
relations and stratigraphical details, as to the limits or range of a rock formation, as 
to the characters of rocks, and the changes that have taken. place over them. The 
flurface over the most of the continent is so largely under soil that he has often to rely 
on facts from widely distant points, and a knowledge of relative heights or courses 
is sought in order to solve the problems that present themselves. 

Given a map on which the roads are accurately laid down, even to each turn and 
the position of each housej and the geologist, whenever at work over the area it rep- 
resents, has a base to measure from for each locality of interest or rock limit, and he 
feels sure that his work may be correctly registered and will not need to be done 
over again because maps will some time be better. 

Give him contour-lines that are exact, and he has starting-points that can be trusted 
for detailed measurements as to new levels, and a means also of finding his position in 
a region. 

The free-hand contour-lines much used of late are of no value to the careful geolo- 
gist. They may give the general shape of the surface sufficiently well to satisfy the 
geographer, but they are grossly misleading if used for any other purpose. 

Under the United States Coast and Geodetic Survey, a careful survey was made, a few 
years since, of the region about New Haven, Conn., including about 49 square miles. It 
has contonr-linesTor every twen ty feet. I have found it even a source of geological revela- 
tious. Outcrops of trap occur iu distant hills; with the map in hand, the outcrops 
are seen to fall into line, and are proved to be parts of a common dike. Bowl-like 
' depressions of the surface are scattered about ; on the map, they are found to be sys- 
tematically arranged with reference to other features and depressions. Ridges, 
valleys, and plains make up the surface; on the map, a nearly common direction is 
found for the sandstone ridges and intervening valleys, and this direction corresponds 
with that of the glacier movement in the Glacial era. And so I might go on with 
other details. 

It thus appears to me that, even if geology alone is considered, there cannot be too 
great accuracy in the topographical survey of the country ; and that no contour-|^es 
should be drawn on a map that are not strictly accurate up to the limit of surveying 
capabilities; that, until such accuracy can be attained, levels and form should be in- 
dicated only by ordinary lines of shading and records of actually measured heights ; 
and, of the latter, the more the better. 

I beg you will excuse my addressing you so freely, and believe me, with highest 
esteem, very truly yours, 

JAMES D. DANA. 

General M. C. Meigs. 



New Haven, September 18, 1884. 

Dear Sir : I have the pleasure of acknowledging the receipt of your letters of the 
16th and 17th. 

As to the degree of accuracy required in maps for geological investigators, I may 
have expressed myself a little too strongly, but I think only a little. I was prompted 
by my own difficulties and sense of need while in the field. I have long felt that what 
the field geologist needs most or first is maps on which all the roads, wood -roads, 
rivers, and brooks are laid down with accuracy, and, besides this, the positions also 
of houses, churches, bridges (even the smallest), &c. Each house, or turn in the 
road, or bridge, or road-crossing serves as a base for fixing localities and lines, and is 
almost the only resource at hand, and if the positions are inaccurate so is the field 
work. If roads ou a map are too near together, or too far apart, or too f.ir from a 
liver, or bends iu a river are out of place, the belt of limestone or other rock which 
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the geologist attempts to plot takes false or distorted shapes, or has too great or too 
litfele width, leading to false conclusions and discordances different ways. 

To a map that is correct in its geographical lines, the addition of the topography 
•Did true leyelsis of great importance, and these levels should be given over the plains 
and valleys as well as for mountain regions. I should make no use of any contour- 
lines that were not a result throughout of direct measurement or of the best plane- 
table work. Were a geologist attempting to lay down the high terrace along a river 
Talley, correct levels for points along the bottom of the valley would be of great value, 
wliile free-hand contour-lines over the region could not be trusted. I may add that 
where contonr-lines are correctly put in it is not often easy to find the exact points 
over which they pass, so as to be able to use the level at any point as a base for special 
meaanrements (I speak from attempts to use the New Haven map) ; and hence I think 
it desirable that where contour-lines cross roads, tbe distance of this crossing from 
the next comer or turn in the road should in some way be noted on the map. 

Of course roads and rivers cannot be correctly mapped without first a primary and 
secondary triangnlation. 

The size of map which I mentioned, 2 inches to the mile, is insufficient for much 
detailed geological work. This size is one which ought to come within tbe proba- 
ble limits of appropriations. A smaller size is, in my opinion, quite inadequate 
for anything more than a rough reconnaissance. This is especially true with regard 
to regions like New England and the other metamorphic and much disturbed por- 
tions of the continent. I was yesterday where a map of 6 inches to the mile, or larger, 
would be required to plot intelligibly the distribution of the limestone and schist ; but 
these are exceptional cases, and there should be an exceptional provision for them. 
Very truly yours, 

JAMES D. DANA. 
General Meigs. 
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lusfobt on customs duty on philosophical and scientific 

apparatus. 

[oobbesfondenoe.] 

Tale Oollege, 
New HaveUj G(mn.^\Deo€mber 8, 1884. 

Sib : I hare the honqr to transmit to yoa herewith a report on the 
customs daty on philosophical and scientific apparatus, made by a 
Gommittee of the National Academy of Sciences, in compliance with a 
request of your predecessor, dated September 13, 1884. 

I return herewithy as requested, the inclosures sent with that- 
communication. 

Very truly yours, 

O. 0. MAESH, 
President of the National Academy of Sciences. 
The Hon. Seobetaby of the Tbeasuby. 



Tbeasuby Depabtment, Office of the Seobetaby, 

Washington^ D. 0., September 13, 1884. 

Sm: I have the honor to transmit herewith a copy of a letter from 
Mr. E. B. Moore, appraiser of customs at Philadelphia, dated the 2l8t 
ultimo, in which he states that great difficulty is experienced in deter- 
mining what instruments and other articles are entitled to classification 
for duty as '^philosophical apparatus and instruments," under the tariff 
act of March 3, 1883, a copy of which, duly marked, is herewith inclosed, 
andsuggeststhat the subject be referred to the Smithsonian Institution, 
with a request to prepare a list of such apparatus and instruments, for 
the use of customs officers in the premises. 

In accordance with such suggestion, Professor Baird was requested 
to furnish the desired list, but the Department is in receipt of a com- 
munication from him, dated the 9th instant, in which he recommends 
that the matter be referred to you, with the request that you appoint 
a committee of the Academy for the purpose of reporting a list com- 
prising the different articles which properly come within the scope of 
the said statutory provision. 

S. Mis. 68 5 66 
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A list of certain articles lately imported into Philadelphia, and claimed 
by the importers to be philosophical instmments and apparatos, and 
&nr printed catalognes, are also transmitted, and the Department will 
feel obliged if yon will comply with the recommendation of Professor 
Baird, and fnmish the said list. 

A return of the Ave inclosnres last mentioned is respectfully re- 
quested. 

Very respectfully, 

H. P. FRENCH, 

Acting Secretary. 

Profl O. O. Marsh, 

President National Academy of Sciences. 



The National Aoademt of Sciences, 

Washingtonj December 2, 1884. 

Sir : I have the honor to transmit to you herewith the report of the 

committee appointed to consider the matter submitted to you by the 

honorable Secretary of the Treasury in regard to customs duties on 

j^bilosophical and scientific apparatus. 

Very respectfully, your obedient servant, 

GEO. J. BRUSH, 

Chairman. 
Prof. O. 0. Marsh, 

President National Academy of Sciences. 



The committee of the National Academy of Sciences appointed, iix ac- 
cordance with the request of the Secretary of the Treasury contained in 
his letter dated September 13, 1884, to consider the subject of customs 
duty on philosophical and scientific apparatus, submit the following : 

The letter of the United States appraiser addressed to the collector of 
tbe port of Philadelphia, and inclosed to us, seems to imply that a dis- 
tinction exists between what may be regarded as scientific instruments 
and those that are known to scholars as philosophical. Your committee 
think that it is impossible to draw any such distinctioq, and, moreover, 
they do not find any separate reference to scientific instruments as dis* 
tinct from philosophical in the tariff bill approved March 3, 1883. 
The ODly references to such instruments as forming a separate clause 
are as follows : 

Schedule N , section 476, "Sundries,^' contains the clause, " Philosophi- 
cal apparatus and instruments, 35 per cent, ad valorem." 

The free list (section 769, page 68) contains the clause, << Philosophical 
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and sdentific apparatus, instraments, and preparations • • • spe- 
etaUyimportedia good &ith for the nse of any society or institution incor- 
porated for religious, philosophical, educational, scientific, or literary 
purposes, or for encouragement of the fine arts, not intended for sale.^ 
The meaning, objects, and limitations of these clauses do not seem to 
your committee to offer any difficulty. Although the term << philo- 
sophical'' as applied to instruments has long ceased to be employed m 
scientific language, it has a well defined signification in ordinary use. 
It has come down firom a time when nearly all our knowledge of inani- 
mate nature was comprehended under the general term ^^ natural phi- 
losophy," and the instruments and apparatus necessary for acquiring and 
illustrating that knowledge were termed ^^philosophicaL" The obvious 
intent of Gongress in specially designating philosophical instruments 
was to cover the case of institutions and individuals who might import 
the instruments and apparatus for the purpose of improving natural 
knowledge. It therefore appears to us that the terms ^^ philosophical 
api>aratus and instruments" in both clauses quoted should be held to 
cover all such instruments and apparatus imported for this purpose. 

It does not appear to your committee that the addition of the word 
<< scientific" in the last clause of the law quoted comprehends any ob- 
jects other than those which may be included under the term <^ phil- 
osophical" as hereinbefore defined. We regard the addition of this word 
as merely intended to render the meaning of Congress more explicit. 

The letter of the honorable Secretary of the Treasury embodies a re- 
quest that the Academy shall prepare a list of instruments and appa- 
ratus which, in its opinion, should belong in the class philosophical. 
Becognizing the insufficiency of any general definition to enable the col- 
lectors of customs to decide to what class a given object belongs, your 
committee has given much attention to the question of preparing the 
required list. They have not, however, found it possible to do this in 
a way which would be at all satisfactory. The difficulties are two in 
number: Firstly, an instrument is philosophical, not in consequence 
of its special construction or function, but in consequence of the uses 
to which it is to be put, and many instruments may be put both to uses 
which are philosophical and to uses which are purely industrial or 
commercial. Secondly, the number of different kinds of philosophical 
apparatus is so great, and new kinds are so constantly added, that an 
exhaustive enumeration is impracticable. 
Bespectfully submitted. 

GEO. J. BEUSH, Chairman. 
WOLOOTT GIBBS, 
SAMUEL H. SOUDDBB, 
SIMON NBWOOMB, 
GEOBGE F. BABEEB, 

OommiUee. 
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LETTER OF TRANSMITTAL. 



National Academy op Sciences, 

WasMngtony D. 0., January 20, 1886. 
Sib : In conformity with the requirements of the act of incorporation, 
approved March 3, 1863, 1 have the honor to submit herewith a report 
of the operations of the National Academy of Sciences during the past 
year. 

Very respectfully, your obedient servant, 

O. 0. MAESH, 
President of the National Academy of Sciences. 
The President of the Senate. 
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The National Academy of Sciences was established by act of Congress, 
in March, 1863, with power to frame its own constitution, select its own 
members, and provide in other respects for its continuance and success- 
ful operation. 

The object of the Academy is to advance science, and especially ta 
investigate, examine, experiment, and report on any subject of science 
or art, whenever called upon by any Department of the Government. 

The Academy contains at present about one hundred members, and 
these have all been selected for their original researches in science. 
They represent within their ranks nearly every department of knowl- 
edge, and their services, in accordance with the charter of the Academy, 
are always at the disposal of the Government, without compensation. 



SESSIONS OF THE NATIONAL ACADEMY. 

During the past year, the Academy has held three sessions. The first 
was the regular annual meeting, held in Washington, D. C, April 21 
to 24, 1885; the second was a scientific session, in Albany, N. Y., No- 
vember 10 to 13, 1885 ; and the third was a special session, in Albany^ 
November 11 and 13, 1885. 

STATED SESSION. 
Held in Washington City, April 21 to 24, 1885. 

The Washington session was held in the ^National Museum, the presi- 
dent. Prof. O. C. Marsh, presiding. 
The following members were present during the session : 



Abbe. 


GoflBn. 


Hilgard, J. E. 


Powell. 


Abbot. 


Comstock. 


Hill, G. W. 


Pumpelly. 


Allen. 


Cope. 


Hunt. 


Eemsen. 


Baird. 


Cones. 


Lyman. 


Bowland. 


Barker. 


Dutton. 


Marsh. 


Schott, 


Bell. 


Ferrel. 


MitcheU, H. 


Scudder. 


Billings. 


Gilbert. 


Morse. 


Sellers. 


Brooks. 


Gill. 


Fewcomb. 


Wright. 


Brush. 


Hall, A. 


Packard. 


Young. 
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Mr. A. N. Skinner was present by invitation of the Academy. 

The president, in a brief address to the Academy, reviewed the busi- 
ness of the past year, and specially commented upon the relations of 
the Academy to the other Departments of the Government. 

At this session, the following papers were read : 

1. Billings, J. S., and Matthews, W.— Methods of Measuring the Cubic Capacity 

of Crania. Discussed by Messrs. Gill and Billings. 

2. SCUDDER, S. H. — On Winged Insects from a Paleontological Point of View. Dis- 

cussed by Messrs. Cope and Gill. 

3. Packard, A. S. — On the Syncaridse, a Hitherto Undescribed Group of Extinct 

Malacostracous Crustacea. Read by Mr. Gill. 

4. Packard, A. S. — On the Anthracaridse, a Family of Carboniferous Macrurous 

Decapod Crustacea, Allied to the Eryonidae. Remarks by Mr. Gill. 
6. Hunt, T. Sterry. — On the Classification of Natural Silicates. Discussed by 
Messrs. Remsen and Hunt. 

6. COMSTOCK, C. B. — On the Ratio of the Metre to the Yard. 

7. LooMis, Elias. — On the Cause of the Progressive Movement of Areas of Low 

Pressure. Read by Mr. Abbe. 

8. HiLGARD, J. E., and Lindenkohl, A. — On the Submarine Geology of the Ap- 

proaches to New York. 

9. Gill, Theodore. — The Orders of Fishes. Discussed by Messrs. Cope and Gill. 

10. Powell, J. W. — On the Organization of the Tribe. 

11. Hill, G. W. — On Certain Lunar Inequalities Dae to the Action of Jupiter, and 

Tliwcovered by Mr. E. Neison. 
^% YarjNG, C. A. — On Some Recent Observations upon the Rotation and Surface 
Markings of Jupiter. 

13. Cope, E. D. — On the Pretertiary Vertebrata of Brazil. 

14. Rowland, H. A. — On the Value of the Ohm. 

15. Packard, A. S.~On the Gampsonychidae, an Undescribed Family of Fossil Schiz- 

opod Crustacea. 

16. Cope, E. D. —On the Phylogeny of the Placental Mammalia. Discussed by Messrs. 

Morse, Gill, and Cope. 

17. Skinner, A. N. (by invitation of the Academy).— On the Total Solar Eclipse of 

August 28, 1866. Discussed by Messrs. Young and Coffin. 

18. Remsen, Ira. — Chemical Action in a Magnetic Field. Discussed by Messrs. New- 

comb, Barker, Bell, Young, and Wright. 

19. Bell, A. Graham. — On the Measurement of Hearing-power. Remarks by Mr. 

Scudder. 

20. Gill, Theodore, and Ryder, John A. — On the Evolution and Homologies of 

the Flukes of Cetaceans and Sirenians. 

21. Bell, A. Graham, and Torre, F. Della.— On the Possibility of Obtaining 

Echoes from Ships and Icebergs in a Fog. 

22. Genth, F. a., and Rath Gerhard von. — On the Vanadium Minerals ; Vanadi- 

nite, Endlichite, and Descloizite, and on lodyrite, from the Sierra Grande Mine, 
Lake Valley, New Mexico. 

BIOGRAPHICAL MEMOIRS. 

The following biographical notices were read : 

Of Dr. J. J. Woodward, by Dr. J. S. Billings. 

Of General A. A. Humphreys, by General H. L. Abbot. 

Of Dr. William Stimpson, by Prof. Theodore Gill. (Read by title.) 
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ELECTIONS. 

The following members were selected for the coancil for the ensains 
year : Messrs. S. F. Baird, W. Gibbs, J. B. Hilgard, M. 0. Meigs, S. H* 
Scudder, and 0. A. Young. 

NEW MEMBERS. 

The following new members were elected : Dr. Arnold Hague, Prot 
Edward S. Holden, Prof. Henry Mitchell, Prof. F. W. Putnam, and 
Prof. William A. Eogers. 

TREASURER'S REPORT. 

The treasurer presented the following report, which had been examined 
by the auditing committee, Messrs. Eemsen, G. W. Hill, and Ferrel, and 
approved : 

1. General account^ April 14, 1884, to April 20, 1885. 

RECEIPTS. 

Cash balance from last year $217 39 

Dues collected from members 420 00 

Interest on District of Columbia 3.65 bond 27 37 

Sale of $1500 District of Columbia 3.65 bond 555 00 

Total receipts 1,219 76 

EXPENDITURES. 

Printing memoirs and proceedings $314 81 

Printing circulars 17 70 

Expenses of secretary and treasurer 94 41 

Expenses of recording secretary and copyist 103 40 

Rent of room to May 1 8 00 

Box for treasurer 10 50 

Drawings for eclipse report 90 08 

Expenses of April and November meetings 172 40 

Expenses of glucose committee disallowed 2 50 

Expenses of committee on Government surveys 239 90 

Total expenditures 1, 053 70 

Cash balance on hand April 20, 1885 - 166 06 

Dues from members 65 00 

Claim on United States Government.. 239 90 

|500 District of Columbia 3.65 bond, market value 565 00 



■w^ 



Total assets 1,035 96 

Decrease of District of Columbia 3.65 bond 500 00 

4 

2. TU Bache Trust Fund. 

RECEIPTS. 

Cash balance from last year..* $3,417 54 

Interest on securities, investments 2,144 48 

Interest on District of Columbia 3.65 bond, income 200 75 

Sale of $2,000 District of Columbia 3.65 bond 2,220 00 

Total receipts 7,982 77 
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EXPENDITURES. 

Ordeis of board of direction (3,575 00 

Taxes and expenses on Missouri land 7 85 

JPoiohase of $2,000 District of Colombia 3.65 bond 2,300 00 

Total expenditures (5,882 85 

Cash balance April 20, 1885 2,099 92 

$4,S00 District of Columbia 3.65 bond, market value 5,085 00 

Total assets 7,184 92 

Oatstanding order of board of direction 2,500 00 

Excess of assets 4,684 92 

3. The Waison Fund. 

RECEIPTS. 

Cash balance from last year $1,292 75 

Interest and dividends on investments 782 00 

Total receipts , 2,074 75 

EXPENDITURES. 

Model and cost of Watson medal $25 00 

Drawings for eclipse report 100 00 

PoTohase of $8.50 United States 4 per cent, bond 1, 049 75 

Total expenditures 1,174 75 

Cash balance on hand April 20, 1885 900 00 

Increase of uninvested fund 850 00 

4. The Henry Draper Medal Fund, 

RECEIPTS. 

Cash balance from last year $200 00 

Ibiterest on investments 200 00 

Cash balance on hand April 20, 1885 400 00 

5. The /. Lawrence Smith Fund, 

RECEIPTS. 

Cash received from Mrs. Smith $8,000 00 

Interest on investments 243 00 

Total receipts 8,243 00 

EXPENDITURES. 

Pniohase of $7,200 United States 4i per cent, bond , 8, 073 00 

Cash balance on hand April 20, 1885 170 00 

Investment in United States 4^ per cent, bond 720 00 

J. H. C. COFFIN, 

Treasurer, 
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The following report of the committee to examine secarities held by 
the Academy was rend and approved: / 

Washington, D. C, April 21, 1885. 
The committee, Messrs. Bell and Billings, appointed to examine the 
securities in the hands of the treasurer, report that they have examined 
the said securities, and find that they are as follows: 

1. General Fund. 
Districtof Columbia, 3.65 per cent j $500 00 

2. Bache Trust Fund, 

United States loan, 4^ per cent $42,100 00 

United States loan, 4 per cent 3,850 00 

City of Davenport loan, 6 per cent 1,000 00 

City of Philadelphia loan, 6 per cent 600 00 

47,550 00 

Also, a deed of 160 acres of Missouri lands not yet recorded u the name of the 
Academy, and four medals presented to the late A. D. Bache, ai.d receiveil from his 
estate. 

3. Income of the Bache Fund. 
District of Columbia, 3.65 percent $4,500 00 

The registered securities stand in the name of the National Academy of Sciences, 
without specifying the fund to which they belong. The securities have been classi- 
fied as above, in accordance with information derived from the tre^urer. 

4. Joseph Henry Fund, 

An agreement with the Pennsylvania Company for insurance on lives, 
and granting annuities, as to the final disposition of the Joseph Henry 
fund of $40,000 00 

5. Henry Draper Medal Fund, 

United States loan, 4 per cent $5,000 00 

Also, the deed of trust of Mary Anua Palmer Draper to the National Academy of 
Sciences. 

6. Wateon Truet Fund, 

United States loan, 4i per cent $6,200 00 

United States loan, 4 per cent 850 00 

Certificates for 134 shares of capital stock of the Michigan Mutual Life 

Insurance Company - 6, 700 00 

1», 750 00 
7. J, Lawrence Smith Fund, 

United States loan, 4^ per cent $7,200 00 

Also, a deed of trust of Sarah Julia Smith to the National Academy of Sciences. 
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DEATH OF MEMBERS. 

The president anuoauced the death, since the last meeting, of Prof. 
Benjamin Siliiman. 
Prof. James D. Dana was appointed to prepare a biographical notice. 

RESOLUTIONS. 

On recommendation of the council, the Academy adopted the follow- 
ing resolutions : 

Besolved, That the assessment for the ensuiD^ year be $5. 

Besolvedy That the home secretary be appointed custodian of the x>roperty ot the 
Academy, and be authorized to receipt therefor. 

Resolved, That J. H. C. Coffin, treasurer of the National Academy of Sciences, be 
and is hereby authorized and empowered to assign any and all 3.65 registered bonds 
of the District of Columbia, now standing in the name of the Academy, and to appoint 
one or more attorneys for that purpose. 

Resolvedj That the treasurer be authorized to defray the expenses of the present 
session on certification by the chairman of the committee of arrangements. 

Resolvedf That the treasurer be authorized to reserve from the income of the Draper 
fund, $65 each year, and such further sum as the committee on that fund may author- 
ize, to be invested from time to time until the invested fund is increased to $6,000, 
the snm intrusted to the Academy by Mrs. Draper. 

Besolvedy That the treasurer be authorized to reserve from the income of the J. 
Lawrence Smith fund, $133 each year, to be invested from time to time until the in- 
vested fund is increased to $8,000, the amount intrusted to the Academy by Mrs. 
Smith. 

Besolvedy That the National Academy of Sciences gratefully acknowledges the re- 
ceipt of a fund of $8,000, presented in trust by Mrs. Sarah Julia Smith, to promote 
the study of meteoric bodies ; that the Academy adopts and confirms the action of its 
president in accepting such trust, and promises the faithful execution of the same. 

Besolvedy That the Academy appreciates the confidence reposed by the donor in 
selecting it as the trustee for executing her purpose, and her further liberality In pro- 
viding dies for a suitable medal. 

Besolvedy That a committee of five members be appointed by the president, to recom- 
mend to the Academy such measures as may be necessary to the proper execution of 
the trust. 

Besolvedy That the said committee be charged with the duty of preparing an ex- 
pression of appreciation by the Academy of the munificence of Mrs. Smith, and of hav- 
ing such expression suitably engrossed and signed by the proper officers, for trans- 
mission to the donor. 

COMMITTEE ON THE SMITH FUND. 

The president appointed, as permanent committee on the Smith fund, 
the following members : 

Gibbsj Wolcott, Chairman. Hall, A. 

Brash, G. J. Pumpelly, K. 

Batherfurd, L. M. 
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SMITH DEED OF TRUST. 

The secretary then read the deed of gift of Mrs. Smith, as follows : 

Deed of trust f ram Mrs, Sarah Julia Smithy of Louisville f Ky.j to the Kational Academy of 

Sciences, 

Know. all men by these presents, that I, Sarah Julia Smith, of the city of Louis- 
ville, and county of Jefferson, State of Kentucky, in consideration of the premises, 
and of the acceptance of the within trust by the National Academy of Sciences, and 
also in consideration of divers other good and valuable considerations, I, the said 
Sarah Julia Smith here o moving, have given, granted, assigned, trausfeired, and set 
over, and by these presents do give, grant, assign, transfer, and set over unto the 
said National Academy of Sciences, and to their successors forever, a certain fund 
or sum of $8,000, with the interest and income' thereof, to have and to hold the same 
in trust nevertheless, upon the special trusts, and for the uses and purposes following, 
to wit: 

First. In trust, to invest and to reinvest the said sum of $8,000, and to keep the 
same invested in good and safe securities, or in such other manner as shall be, in their 
opinion, best for the preservation and maintenance of such fund. 

Second. In trust, to use the interest and income thereof for the purpose of striking 
a gold medal, which shall be called the '* Lawrence Smith Medal," shall be of the 
Value of $200 in gold, and shall be struck in a die, to be selected and presented to 
the said National Academy of Sciences by me, the said Sarah Julia Smith. And the 
said raedal shall be awarded and presented from tinje to time, by the said National 
Academy of Sciences, to any person in the United States of America or elsewhere, 
who shall make an original investigation of meteoric bodies, the results of which 
shall be made known to the public, such results being in the opinion of the said Na- 
tional Academy of Sciences of sufficient importance and benefit to science to merit such 
recognition ; provided, however, that said medal shall not be presented or awarded 
more frequently than once in two years, and provided, also, that the investigation 
for which it is awarded, or the completed publication thereof, shall have been made 
since the time of the last preceding award and presentation of said medal. 

Third. In trust, that if investigations of equal importance shall be made in regard 
to meteoric bodies at or about the same time in the United States of America, and 
also in some other part of the world, each of which investigations might, in the opin- 
ion of the said Academy, entitle the Investigator to be considered as a competitor for 
said medal, preference shall be given in the awarding thereof to investigations made 
by a citizen of the said United States of America. 

Fourth. In trust, that if the said die shall at any time be lost, destroyed, broken, or 
in any manner rendered unfit for the purpose of striking the said medal, a new die 
shall be procured exactly similar to the one so selected and presented as aforesaid, and 
shall be paid for out of the interest and income of the said fund; and such sum or 
sums of money as shall at any time or times *be necessary for the care, custody, and 
protection of the said die or of the said fund hereby given shall also be taken from 
and out of the interest and income of the said fund whenever the same shall be deemed 
necessary by the said National Academy of Sciences. 

Fifth. In trust, that if at any time or times the interest and income of said trust 
fund of $8,000 shall exceed the amount necessary for the striking of said medal and 
the care of the said die and of the fund, such surplus over and above the sum -or sums 
80 required for the purposes of the trust, as hereinbefore recited and set forth, shall be 
used in such manner as shall be selected by the National Academy of Sciences in aid 
of investigations of meteoric bodies, to be made and carried on by a citizen or citizens 
of the United States of America. 

And the said National Academy of Sciences doth signify its acceptance of the said 
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fand of (8,000, and doth engage to hold and manage the same upon the trusts and 
for the nses and purposes herein mentioned and set forth. 

In witness whereof, 1, the said Sarah Jnlia Smith, have herennto set my hand and 
seal, and the said National Academy of Sciences hath hereunto caused its corporate 
seal to be affixed, and these presents to be subscribed by its president, this 6tb day 
of May, in the year 1884. 

SARAH JULIA SMITH, [seal.] 

Sealed and delivered in presence of — 
Annie C. Norton. ^^^^^ 
J. H. Capkrton. 

O. C. MARSH, 
President of the National Academy of Sciences, 
Witnesses to signature : 
Geo. J. Brush. 
E. S. Dana. 

LETTER TO MRS. SMITH. 

Mrs. Sar JuSmith: 

Madam : It is our duty as a committee of the National Academy of Sciences to 
tender to you the thanks of the Academy for the munificent donation which you 
have intrusted to it. With the most sincere appreciation of the spirit which dic- 
tated your gift, and with profound respect and sympathy, we now discbarge the duty 
which has devolved upon us. 

The noble and unselfish lifeof our lamented fellow-member, Dr. J. Lawrence Smithy 
was devoted to science ; and of the work which he did, and which confers eternal 
honor upon his name, no part is more deeply interesting or more permanently valua- 
ble than his researches on the chemical constitution of meteorites, researches in which 
he first established in these bodies the existence of hydrocarbon. His beautiful col- 
lection has become the property of one of our most prominent colleges. His name 
and fame are national possessions. The income of the fund which you have intrusted 
to the Academy, worthily bestowed, cannot fail to assist materially in extending our 
knowledge of meteoric phenomena. 

The Academy accepts the trnst, which honors the giver, which recalls the life-long 
services of one of its most honored members, and which promises to extend the bound- 
aries of the science to which he was devoted. We tender to you, madam, in the name 
of the Academy, our grateful acknowledgments. 

WOLCOTT GIBBS, Chairman. 

G. J. BRUSH, 

A. HALL, 

R. PUMPELLY, 

L. M. RUTHERFORD, 

Committee, 
July 27, 1885. 

CONSTITUTIONAL AMENDMENTS. 

The Academy, in committee of the whole, adopted the following^ 
amendments, viz : 

In ARTICLE III, section 1 : In place of the words " may be held '' 
read " shall hold." 

In Article IV, sections 4 and 6 : In place of the words " at the 
next stated session held in Washington '' shall be substituted the words 
^^ at the next stated session." 
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REPORTS OF COMMITTEES. 

The committee on ways and means to provide a fund for the Acad- 
emy reported progress. 

The committee on reserving public lands on and near Mount Whit- 
ney, California, for scientific purposes; the committee to co-operate with 
the National Board of Health ; the committee on the publications of 
the Academy ; and the committee on the organization of the national 
surveys and Signal Service were continued. 

The committee to report on the triangulation to connect the Atlantic 
and Pacific coasts, and the committee on customs duty on philosophical 
and scientific apparatus were discharged. 

Mr. Coflan, on the part of the board of trustees of the Watson fund, 
reported that since the session of the Academy in April, 1884, in ac- 
cordance with resolutions then passed, the invested fund has been 
increased to $13,750, the sum received from the bequest of Professor 
Watson, and progress has been made in procuring a model of the pro- 
posed Watson medal, and the work on the small planets, under the 
direction of Mr. Newcomb, has been commenced, but no money has yet 
been drawn from the treasury for that purpose. 

The committee on the Henry Draper medal reported that it has had 
before it the claims of various investigators working in the field of as- 
tronomical physics, and has considered fully their claims to the distinc- 
tion implied in the award of this medal by the Academy. 

That as a result of its investigations, the committee recommends to 
the Academy the award of the Henry Draper medal to our fellow-mem- 
ber. Prof. S. P. Langley, for his researches and discoveries in relation 
to solar radiation. This recommendation was adopted. 

I19YITATIONS. 

It was announced that the President of the United States would 
hold a reception on the evening of April 21, and members of the Acad- 
emy were especially invited to be present. 

A letter was received from Commander and Mrs. Brown, inviting the 
members of the Academy to visit the Naval Observatory on the after- 
noon of April 24. 

Also, an invitation from Prof. A. Graham Bell to attend a reception 
on Thursday, the 23d. 

Members of the Academy and their friends were invited to attend the 
meeting of the Anthropological Society, to be held Tuesday, the 21st. 

A communication was received from the Cosmos Olub, tendering to 
members of the Academy the use of their club house for the period of 
twenty clays. 

NOMINATIONS. 

Fourteen nominations for membership were made, to be voted on at 
the next stated session. 
The Academy adjourned April 24, 1885. 
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SCIENTIFIC SESSION. 
Held at Albany, N. Y., November 10 to 13, 1885. 

A scientific sessioD, for the reading of papers only, having been 
called by the council, as annonnced at the April session, the Academy 
convened in the assembly parlor of the capitol at Albany, ]N". Y., on 
H'ovember 10, 1884. 

The president. Prof. O. C. Marsh, presided. 

The following members were present during the session : 

Bell. Morton. Peters. Putnam. 

Hall, A. ITewberry. Pickering. Scudder. 

Hall, J. Newcomb. Powell. Sellers. 

Marsh. Newtou, H. A. Pumpelly. Young. 
Morse. 

The following gentlemen were invited to attend the meetings and to 
take part in the scientific proceedings : Prof. Lewis Boss, Prof. W. B. 
Dwight, Prof. Charles H. Peck, Prof. C. K. Weed, Mr. Joseph A. Lint- 
ner. Prof. T. H. Safford, Mr. O. T. Sherman, and Dr. Otto Meyer. 

At this meeting, the following papers were read : 

1. Packard, A. S. — On the Carboniferous Merostomatous Fauna of America. Read 

by Mr. Scudder. 

2. Billings, J. 8. — On a New Form of Crauiapbore for Takin^]^ Composite Photographs. 

Read by Mr. BeU. 

3. Hall, James. — Remarks npon the International Geological Congress at Berlin, 

with a brief historical notice of the origin of the congress. 

4. Young, C. A. — On the New Star in the Nebula of Andromeda. 

5. Pickering, E. C— On Stellar Photography. 

6. Langley, S. p. — On Obscure Heat. 

7. Peters, C. H. F. — On Certain Stars Observed by Flamsteed and Supposed to 

have Disappeared. 

8. Dwight, Wm. B. (by invitation of the Academy). — Primordial Rocks among the 

Wappinger Valley Limestones, near Poughkeepsie, N. Y. 

9. Sherman, O. T. (by invitation of the Academy). — On New Lines in the Spectra 

of Certain Stars. 

10. Hall, James. — Notes on Some Points in the Geology of the Mohawk Valley. 

11. Saffokd, T. H. (by invitation of the Academy). — On the Formation of a Polar 

Catalogue of Stars. 

12. Peters, C. H. F.— On the Errors of Star Catalogues. 

13. Newcomb, Simon. — When shall the Astronomical Day Begin f 

14. Meyer, Otto (by invitation of the Academy). — On a Section through the Sonth- 

em Tertiaries. 

15. Powell, J. W. — Remarks on the Stone Ruins of the Colorado and the Rio 

Grande. 

16. Bell, A. G. — Preliminary Report on the Investigation Relating to Hereditary 

Deafness. 

17. Cope, E. D. — On Two New Forms of Polyodont and Gonorhynchid Fishes from the 

Eocene of the Rocky Mountains. Read by title by Mr. Morse. 

18. LiNTNBRy J. A. (by ioTitation of the Academy). — On Recent Progress in Eco- 

nomic Entomology. 
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19. Peck, Charles H. (by invitation of the Academy). — ^The New York State Her- 

barinm. 

20. Newberry, J. S. — On Recent Discoveries of Gigantic Placoderm Fishes in the 

Devonian Rocks of Ohio. 

21. Hall, James. — Remarks upon the Lamellibranchiata Fauna of the Devonian 

Rocks of the State of New Yor^:, and the Results of Investigations made for the 
Pai«eontology of the State. 

22. Newberry, J. S. — On the Flora of the Cretaceoqs Clays of New Jersey. 

The scientific session closed November 13, 1885. 



SPECIAL SESSION. 
Held at Albany, N. Y., November 11 and 13, 1885. 

A special sessioq of the Academy having been called Dy the council, 
in accordance with Article III. section 1, of the constitution, the Acad- 
emy convened in the assembly parlor of the capitol, November 11, 1885, 
the president, Prof. O. C. Marsh, presiding. 

The president made a statement concerning the request of the Sec- 
retary of the Navy for a committee of the Academy to consider and 
report upon certain questions relating to the Naval Observatory at 
Washington, and stated that he had appointed the following committee, 
who now had the matter under consideration : 

Barnard, F. A. P., Chairman. Lyman, Theodore. 

Bell, A. Graham. Pickering, E. 0. 

Dana, J. D. Young, 0. A. 
Langley, 8. P. 

The president also made a statement of the business and publications 
of the Academy during the past summer, and requested members who 
have memoirs to print to send the manuscript to him before December 
1, 1885. 

The meeting then adjourned to meet November 13, at the close of the 
scientific session. 

ADJOURNED MEETING. 
Held November 13, 1885. 

The adjourned business meeting of the Academy met at 1 o'clock p. m . 
The president was authorized to present his annual report^to Con- 
gress, and to include the proceedings of the present scientific session. 

DEATH OF FOREIGN ASSOCIATE. 

The president announced the death of Henry Milne-Edwards, foreign 
associate of the Academy. 
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RESOLUTIONS. 

The following resolations were adopted : 

Beaolved, That the thanks of the Academy be tendered to the truRtees and director 
of the State Museum of Natural History ; to the trustees and faculty of the Albany 
Medical College ; to the trustees and director of the Dudley Observatory, and to the 
officers and members of the Albany Institute, for the courteous and considerate at- 
tention shown by them to the Academy, and for their efforts to promote the success 
of the present meeting. 

Re8olvedj That the thanks of the Academy be tendered to the trustees of public 
buildings of the State of New York for the use of the commodious rooms in which the 
Academy has held its sessions. 

The special meeting then adjourned. 
Bespectfally submitted. 

O. 0. MARSH, 
President of the National Academy of Sciences. 
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AK ACT to incorporate the National Academy of Sciences. 

Be it enacted by the Senate and Rouse of Representatives of the United 
States of America in Congress assembled^ That Louis Agassiz, Massachu- 
setts; J. H. Alexander, Maryland; S. Alexander, New Jersey; A. D. 
Bache, at large; F. A. P. Barnard, at large; J. G. Barnard, United 
States Army, Massachusetts; W. H. 0. Bartlett, United States Military 
Academy, Missouri; U. A. Boyden, Massachusetts; Alexis Caswell, 
Ehode Island; William Ohauvenet, Missouri; J. H. 0. Coffin, United 
States Naval Academy, Maine; J. A. Dahlgren, United States Navy, 
Pennsylvania; J. D. Dana, Connecticut; Charles H. Davis, United 
States Navy, Massachusetts; George Engelmann, St. Louis, Missouri; 
J. F. Frazer, Pennsylvania; Wolcott Gibbs, New York ; J. M. Gilliss, 
United States Navy, District of Columbia; A. A. Gould, Massachu- 
setts; B. A. Gould, Massachusetts; Asa Gray, Massachusetts; A* 
Guyot, New Jersey; James Hall, New York; Joseph Henry, at large; 
J. E. Hilgard, at large, Illinois; Edward Hitchcock, Massachusetts; 
J. S. Hubbard, United States Nav^al Observatory, Connecticut; A. 
A. Humphreys, United States Army, Pennsylvania; J. L. LeConte, 
United States Army, Pennsylvania; J. Leidy, Pennsylvania ; J. P. Les- 
ley, Pennsylvania; M. F. Longstreth, Pennsylvania; D. H. Mahan, 
United States Military Academy , Virginia; J. S. Newberry, Ohio; H. A. 
Newton, Connecticut; Benjamin Peirce, Massachusetts; JohnRodgers, 
United States Navy, Indiana ; Fairman Eogers, Pennsylvania; R. B. 
Rogers, Pennsylvania; W. B. Rogers, Massachusetts ; L. M . Rutherfurd, 
New York; Joseph Saxton, at large; Benjamin Silliman, Connecticut; 
Benjamin Silliman, junior, Connecticut; Theodore Strong, New Jersey; 
John Torrey, New York ; J. G. Totten, United States Army, Connecti- 
cut; Joseph Winlock, United States Nautical Almanac, Kentucky; 
Jeffries Wyman, Massachusetts ; J. D. Whitney, California, their asso- 
ciates and successors duly chosen, are hereby incorporated, constituted, 
and declared to be a body corporate, by the name of the National Acad- 
emy of Sciences. 

Sec. 2. And be it further enacted, That the National Academy of 
Sciences shall consist of not more than fifty ordinary members, and the 
said corporation hereby constituted shall have power to make its own 
organization, including its constitution, by-laws, and rules and regula- 
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tions; to fill all vacancies created by death, resigDatiou, or otherwise ; 
to provide for the election of foreign and domestic members, the divis- 
ion into classes, and all other matters needful or usual in such institu- 
tions, and to report the same to Congress. 

Sec. 3. And be it further enacted, That the National Academy of 
Sciences shall hold an annual meeting at such place in the United States 
as may be designated, and the Academy shall, whenever called upon by 
any department of the Government, investigate, examine, experiment, 
and report upon any subject of science or art, the actual expense of 
such investigations, examinations, experiments, and reports to be paid 
from appropriations which may be made for the purpose, but the Acad- 
emy shall receive no compensation whatever for any services to the 
Government of the United States. 

Approved, March 3, 1863. 



AN ACT to amend the act to iaoorporate the National Academy of Sciences. 

Be it enacted by the Senate and House of Representatives of the United 
States of America in Congress assembled, That the act to incorporate the 
National Academy of Sciences, approved March three, eighteen hun- 
dred and sixty-three, be, and the same is hereby, so amended as to re- 
move the limitation of the number of ordinary members of said Acad- 
emy as provided in said act. 

Approved, July 14, 1870. 

Department of State, June 10, 1882. 
True copies. 

Sevellon a. Brown, 

Chief Clerk. 



AN ACT to authorize the National Academy of Sciences to receive and hold trust 
fonds for the promotion of science, and for other purposes. 

Be it enacted by the Senate and Rouse of Representatives of the United 
States of America in Congress assembledj That the National Academy of 
Sciences, incorporated by the act of Congress approved March third, 
eighteen hundred and sixty-three, and its several supplements, be, and 
the same is hereby, authorized and empowered to receive bequests and 
donations, and hold the same in trust, to be applied by the said Acad- 
emy in aid of scientific investigations and according to the will of the 
donors. 

Approved, June 20, 1884. 

Department of State, June 24, 1884. 
A true copy. 

Sevellon A. Brown, 

Chief Clerk. 



APPENDIX B. 



CONSTITUTION AND RULES OF THE NATIONAL ACADEMY OF SCIENCES. 

As amended and adopted April 17, 1872, and farther amended April 20, 1875, April 21, 

1881, April 19, 1882, and April 18, 1883. 

PREAMBLE. 

Empowered by the act of incorporation enacted by Congress, and 
approved by the President of the United States, on the 3d day of March, 
A. D. 1863, and in conformity with the amendment to said act, approved 
July 14, 1870, the National Academy of Sciences adopts the following 
amended constitution and rules : 

Article I.— OF MEMBERS. 

Seo. 1. The Academy shall consist of members, honorary members, 
and foreign associates. Members must be citizens of the United States. 

Sec. 2. Members who, from age or inability to attend the sessions of 
the Academy, wish to resign the duties of active membership, may, at 
their own request, be transferred to the roll of honorary members by a 
vote of the Academy. 

Sec. 3. The Academy may elect fifty foreign associates. 

Seo. 4. Honorary members and foreign associates shall have the privi- 
lege of attending the meetings, and of reading and communicating 
papers to the Academy, but shall take no pari; in its business, shall not 
be subject to its assessments, and shall be entitled to a copy of the pub- 
lications of the Academy. 

Article II.— OF THE OFFICERS. 

Sec. 1. The officers of the Academy shall be a president, a vice-presi- 
dent, a foreign secretary, a home secretary, and a treasurer, all of whom 
shall be elected for a term of six years, by a majority of votes present 
at the first stated session after the expiration of the current terms, pro- 
vided that existing officers retain their places until their successors are 
elected. In case of a vacancy, the election for six years shall be held 
in the same manner at the session when such vacancy occurs, or at the 
next stated session thereafter, as the Academy may direct. A vacancy 
in the office of treasurer or home secretary may, however, be filled by 
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appointment of the president of the Academy until the next stated 
43ession of the Academy. 

Sec. 2. The officers of the Academy, together with six members to 
be elected by the Academy at the first stated session in each year, shall 
<K>nstitute a council for the transaction of such business as may be as- 
signed to them by the constitution or the Academy. 

Sec. 3. The president of the Acailemy, or, in case of his absence or 
inability to act, the vice-president, shall preside at the meetings of the 
Academy and of the council ; shall name all committees except such as 
are otherwise especially provided for ; shall refer investigations required 
by the Government of the United States to members especially con- 
versant with the subjects, and report thereon to the Academy at its 
session next ensuing; and, with the council, shall direct the general 
business of the Academy. 

It shall be competent for the president, in special cases, to call in the 
aid, upon committees, of experts, or men of special attainments, not 
members of the Academy. 

Sec. 4. The foreign and home secretaries shall conduct the correspond- 
ence proper to their respective departments, advising the president and 
council in cases of doubt, and reporting their action to the Academy at 
one of the stated sessions in each year. 

It shall be the duty of the home secretary to give notice to the mem- 
bers of the place and time of all meetings, of all nominations for mem- 
bership, and of all proposed amendments to the constitution. 

The minutes of each session shall be duly engrossed before the next 
stated session, under the direction of the home secretary. 

Sec. 6. The treasurer shall attend to all receipts and disbursements of 
tjie Academy, giving such bond and furnishing such vouchers as the 
council may require. He shall collect all dues from members, and keep a 
set of books showing a full account of receipts and disbursements. He 
shall present a general report at the April session. He shall be the cus- 
todian of the corporate seal of the Academy. 

Article III.— OF THE MEETINGS. 

Sec. 1. The Academy shall hold one stated session in each year, in the 
city of Washington, on the third Tuesday in April, and another may be 
held at such place and time as the council shall determine. 

Special sessions of the Academy may be called by order of eight mem- 
bers of the council, at such place and time as may be designated in the 
call. 

Scientific sessions of the Academy may be held at times and places to 
be designated by a majority of the council. 

Sec. 2. The names of the members present at each daily meeting shall 
be recorded in the minutes 5 and the members present at any meeting 
shall constitute a quorum for the transaction of business. 

Sec. 3. Scientific meetings of the Academy, unless otherwise ordered 
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by a majority of the members present, shall be open to the public 5 those 
for the transaction of business, closed. ' 

Sec. 4. The stated meetings of the council shall be held during the 
stated or special sessions of the Academy. Special meetings may be 
convened at the call of the president and two members of the council, or 
of four members of the council. 

Sec. 5. Ko member who has not paid his dues shall take part in the 
business of the Academy. 

Abtici^ IV.~0F ELECTIONS AND RESIGNATIONS. 

Sec. 1. All elections shall be by ballot, and each election shall be held 
separately, unless otherwise ordered by this constitution. 

Sec. 2. The time for holding an election for officers shall be fixed by 
the Academy at least one day before the election is held. 

Sec. 3. The six additional members of the council shall be elected on 
any day after the first of the first stated session in each year, by each 
voter inscribing six names on his ballot, and those six who have received 
more votes than any others shall be declared elected. If two or more 
names have received the lowest number of votes that would elect, ad- 
ditional balloting shall be had for as many members as remain each time 
to be elected until the number is full. 

The term of the members so elected shall commence at the close of the 
session at which they are elected, and continue until the close of the first 
stated session in the next year. 

Sec. 4. JN^ominations of members may be made in writing, signed by 
any five members of the Academy, at any stated session, to be voted on 
at the next stated session held in Washington, and each nomination 
shall, at the time of election, be accompanied by a written list of the 
original works of the nominee. 

Sec. 5. Elections for membership shall be held in the following man- 
ner : Each member may inscribe on a ballot not more than five names 
of nominees selected from the list. Absent members may send such 
ballots to the home secretary. From the seven names receiving the 
highest number of votes in this preference ballot, the members present 
may proceed to elect new members in the following manner : At each 
ballot, each member present may vote for not exceeding three persons, 
and the person receiving the highest number of votes shall be declared 
elected, provided that he received two-thirds of the votes cast, and that 
his name appear on not less than twenty ballots ; and, provided further, 
that the number of members of the Academy be not already one hun- 
dred or over, in which case, to be declared to be elected, he must re- 
ceive four-fifths of the votes cast, and his name must appear on at least 
twenty-five ballots. 

Should several candidates have the same minimum number of votes 
on the preference list, the requisite number for completing the list shall 
be selected from them by a two-thirds vote of the members present. 
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Election of members shall be held only at the regalar stated session 
of each year, held in Washington, and not more than five members shall 
be elected at that session. 

Before and during electioDS, a discussion of the merits of nominees 
will be in order. 

The election of members may be suspended at any time by a majority 
vote of the members present. 

Sec. 6. Every member-elect shall accept his membership, personally 
or in writing, before the close of the uext stated session after the date 
of his election. Otherwise, on proof that the secretary has formally 
notified him of his election, his name shall not be entered on the roll of 
members. 

Sec. 7. Foreign associates may be nominated by a committee of five 
members, to be appointed for that purpose by the president, and elected 
at any stated session by a two- thirds vote of the members present. The 
election shall be had by each member indicating on a ballot those names 
for which he votes, and those nominees whose names appear on two- 
thirds of the ballots shall be declared elected. 

Sec. 8. A diploma, with the corporate seal of the Academy and the 
signatures of the officers, shall be sent by the appropriate secretary to 
each member on his acceptance of his membership, and to foreign asso- 
ciates on their election. 

Sec. 9. Eesignations shall be addressed to the president, and acted 
on by the Academy. 

Article V.— OF SCIENTIFIC COMMUNICATIONS, PUBLICATIONS, AND 

REPORTS. 

Sec. 1. Communications on scientific subjects shall be read at scien- 
tific meetings of the Academy, and papers by any member may be read 
by the author, or by any other member, notice of the same having been 
previously given to the secretary. 

Sec. 2. Any member of the Academy may read a paper from a per- 
son who is not a member, and shall not be considered responsible for 
the facts or opinions expressed by the author, but shall be held respon- 
sible for the propriety of the paper. 

Persons who are not members may read papers on invitation of the 
president with the advice of the council. 

Sec. 3. The Academy may provide for the publication, under the di- 
rection of the council, of proceedings, memoirs, and reports. 

Sec. 4. Propositions for investigations or reports by the Academy 
shall be submitted to the council for approval, except those requested 
by the Government of the United States, which shall be act^d on by 
the president, who will, in such cases, report their results to the Gov- 
ernment as soon as obtained, and to the Academy at its next following 
stated session. 
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Sec. 5. The advice of the Academy shall be, at all times, at the dis- 
position of the Government, upon any matter of science or art within 
its scope. 

Sec. 6. An annual report to be presented to Congress shall be pre- 
pared by the president, and before its presentation, submitted by him, 
first to the council, and afterwards to the Academy, at one of the stated 
sessions. 

Sec. 7. Medals and prizes may be established, and the means of be- 
stowing them accepted by the Academy, upon the recommendation of 
the council, by whom all the necessary arrangements for their estab- 
lishment and award shall be made. 

Bequiests and trusts having for their object the advancement of 
science may also be accepted and administered by the Academy. 

Article VI.— OF THE PROPERTY OF THE ACADEMY. 

Sec. 1. All investments shall be made by the treasurer, in the cor- 
porate name of the Academy, in stocks of the United States. 

Sec. 2. No contract shall be binding upon the Academy which has 
not been first approved by the council. 

Sec. 3. The assessments required for the support of the Academy 
shall be fixed by the Academy on the recommendation of the council. 

Article VII.— OF ADDITIONS AND AMENDMENTS. 

Additions and amendments to the constitution shall be made only 
at a stated session of the Academy. Notice of a proposition for such a 
change must be given at a stated session, and shall be referred to the 
council, which may amend the proposition, and shall report thereon to 
the Academy at the same session. Its report shall be considered by 
the Academy in committee of the whole for amendment. 

The proposition as amended, if adopted in committee of the whole, 
shall be voted on at the next stated session, and if it receives two-thirds 
of the votes cast, it shall be declared adopted. 

Absent members may send their votes on pending changes in the 
constitution to the home secretary in writing, and such votes shall be 
counted as if the member were present. 

I. In the absence of any officer, a member shall be chosen to perform 
his duties temporarily, by a plurality of viva voce votes, upon open nom- 
inations. 

II. The accounts of the treasurer shall be referred to an auditing 
committee of three members, to be appointed by the president at the 
meeting at which the accounts are presented, which committee shall 
report before the close of that session, and shall then be discharged. 
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The bonds, securities, and other property owned or held in trust by 
the Academy shall be inspected and verified by a committee to be an- 
nually appointed by the president. The report of this committee shall 
be presented to the Academy at its first stated session in each year, 
and referred with the accounts to the auditing committee. 

III. A committee of arrangements consisting of five members shall be 
appointed by the president for each stated session of the Academy. 
This committee shall meet not less than two weeks previous to each 
session. It shall be in session during the meetings to make arrange- 
ments for the reception of the members ; to arrange the business of each 
day ; to receive the titles of papers, reports, etc. ; and to arrange the 
order of reading, and, in general, to attend to all business and scieatific 
arrangements. 

IV. At the meetings, the order of business shall be as follows : 

1. Chair taken by the president, or, in his absence, by the vice-presi- 
dent. 

2. Eoll of members called by home secretary. 

3. Minutes of the preceding meeting read and approved. 

4. Stated business. 

5. Reports of president, secretaries, treasurer, and committees. 

6. Business from council. 

7. Other business. 

8. On the last day of the session, the rough minutes of that day's pro- 
ceedings are to be read for correction. 

V. The rules of order of the Academy shall be those of the Senate of 
the United States, unless suspended by unanimous consent. 

YI. Unless otherwise ordered by the Academy, the scientific meetings 
shall be convened at noon. 

VII. The death of members shall be announced by the president on 
the last day of any session, when a member shall be selected by the 
president to furnish a biographical notice of the deceased at the next 
stated session. If such notice be not then furnished, another member 
may be selected by the president in place of the first, and so on until 
the duty is performed. 

YIII. All discussions as to the claims and qualifications of nominees 
at meetings of the Academy will be held strictly confidential, and re- 
marks and criticisms then made may be communicated to no person 
who was not a member of the Academy at the time of the discussion. 

IX. The secretaries will receive memoirs at any time, and report the 
date of their reception at the next session. But no memoir shall be 
published unless it has been read before the Academy. 

X. Memoirs shall date in the records of the Academy from the date 
of their presentation to the Academy, and the order of their presenta- 
tion shall be that in which they were registered, unless changed by con- 
sent of the author. 

XI. Papers from persons not members, read before the Academy, and 
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intended for publication, shall be referred, at the meeting at which they 
are read, to a committee of members competent to judge whether the 
paper is worthy of publication. Such committee shall report to the 
Academy as early as practicable, and not later than the next stated 
session. 

XII. An annual of the Academy shall be prepared and published by 
the secretaries. 

XIII. The printing of the Academy shall be under the charge of a 
committee of publication, to consist of the home secretary, and four 
other members to be named by the president, with the advice and con- 
sent of the council. 

XIV. The annual report of the Academy may be accompanied by a 
memorial to Congress in regard to such investigations and other sub- 
jects as may be deemed advisable, recommending appropriations there- 
for when necessai-y. 

XV. The proper secretary shall acknowledge all donations made to 
the Academy, and shall report them at the next stated session. 

XVI. The books, apparatus, archives, and other collections of the 
Academy shall be deposited in some safe place in the city of Washing- 
ton. A list of the articles so deposited shall be kept by the home sec- 
retary, who is authorized to employ a clerk to take charge of them. 

XVII. A stamp corresponding to the corporate seal of the Academy 
shall be kept by the secretaries, who shall be responsible for the due 
marking of all books and other objects to which it is applicable. 

Labels, or other proper marks of similar device, shall be placed upon 
objects not admitting of the stamp. 

XVIII. On the first day of each stated session, immediately after 
calling the roll of members, a recording secretary shall be elected by a 
plurality of members present, to assist the home secretary in keeping 
the records of the session. 

XIX. It shah be the duty of the committee of arrangements to fix 
the length of time to be devoted to reading of all papers submitted, and 
to limit the time to be occupied in their discussion. 

XX. Ballots for election of members may be sent by sealing them 
up in a blank envelope, and enclosing this in another, across the back 
of which is written the name of the sender, and which is addressed to 
the home secretary 5 such envelopes will be opened only by the tellers. 

XXI. Any rule of the Academy may be amended, suspended, or re- 
pealed on the written motion of any two members, signed by them, and 
presented at a stated session of the academy, provided the same shall 
be approved by a majority of the members present. 

XXII. Nominations for membership should state the full name, resi- 
dence, the official position, and the special scientific studies of the can- 
didate. A form of nomination shall be prepared by the home secre- 
tary. 

By a resolution adopted January 12, 1864, the president is, ex officio^ 
a member of all Government committees of the Academy. 
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ORGANIZATION OF THE ACADEMY, 1885. 

Expiration of term. 

Marsh, O.C, .Preaidmt April,1889. 

Newcomb, S., Vice-President April, 1889. 

Agassiz, Alexander, Foreign Secretary April, 1886. 

ILALLf A. y Borne Secretary April, 1889. 

Coffin, J. H.C., Treasurer April, 1887. 

ADDITIONAL MEMBERS OF COUNCIL, 1885-'86. 
Baird, S. F. Meigs, M.C. 

GiBBS, W. SCUDDER, S. H. 

HiLGARD,J.E. Young, C.A^ 

COMMITTEES OF THE ACADEMY. 

On Ways and Means to Provide a Fund for the Academy, 

Rogers, Fairman, CImirman, Marsh, O. C. 

Chandler, C. F. Agassiz, Alexander. 

pumpblly, r. 

On Weights, Measures, and Coinage, 

Barnard, F. A. P., Chairman, Newcomb, S. 

GiBBS, WoLCOTT. Newton, H. A. 

HiLGARD, J. E. PeIRCE, C. 8. 

Meigs, M.C. Trowbridge, W. P. 

On the Election of Foreign Associates, 

Agassiz, Alexander, Chairman, Gibbs, W. 

Dana, J, D. Hall, A. 

Newcomb, S. 

On Reserving Public Lands on and near Mount Whitney, Calif ornia, for Sdentifio Purposes, 

Langley, S. p.. Chairman, Brewer, W. H. 

Powell. J. W. 

To co-operate with the National Board of Health, 

Mitchell, S. Weir, Philadelphia, Pa., Chairman, 

Barker, George F., Philadelphia, Pa. 

Billings, J. S., Washington, D. C. 

Brewer, W. H., New Haven, Conn. 

Chandler, Charles F., New York City. 

Gibbs, Wolcott, Cambridge, Mass. 

Walker, F. A., Boston, Mass. 
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On Publication. 

The Homb Sbcrbtaby. Coffin, J. H. C. 

Baird, S. F. Nbwcomb, S. 

Powell, J. W. 

On Puhlioations of the Academy, 
Gill, T. 

On the Relation of the Academy to the Government, 
The Pbbsidemt. Coffin, J. H. C. 

VlCB-PRBSIineNT. HlLOARD^ J. E. 

Sbcrbtaribs. Meigs, M. C. 

Baibd, 8. F. Powell, J. W. 

GOVERNMENT COMMITTEES. 

On the Organization of the National Surveys and Signal Service, 

Meios, M. C, Chairman, Newcomb, S. 

Bbewer, William H. Pickering, E. C. 

COMSTOCK, C. B. Trowbridge, W. P. 

Langlet, S. p. Walker, F. A. 

Young, C. A. 

On the Astronomical Day, EeUpse of 1686, and new Observatory, (Requested by 

Secretary of the Navy.) 

Babnard,^F. A. P., Chairman. Langley, S. P. 

Bell, A. Graham. Lyman, Theodore. 

Dana, J. D. Pickering, E. C. 

Young, C. A. 

On the Tariff Classification of Wool, (Requested by the Secretary of the Treasury, ) 

Chandler, C. F., Chairman, Brewer, W. H. 

Morton, H. 

TRUST FUNDS. 

Board of IHreotion of the Bache Fund, 

Dana, J. D. Hilgard, J. E. 

Gibbs, W. 

Board of Trustees of the Watson Fund, 

HiLGARD, J. E. Newcomb, S. 

Coffin, J. H. C. 

On the Henry Draper Medal, 

Barker, G. F., Chairman, Newcomb, S. 

Gibbs, W. Wright, A. W. 

Young, C. A. 

On the Lawrence Smith Medal, . 

Gibbs, Wolcott, Chairm4in, Hall, A. 

Brush, G. J. PuMPELLy, R. 

RpTHERFURD, L. M. 
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MEMBERS OF THE NATIONAL ACADEMY OF SCIENCES, JANUARY, 1885. 

Date of 
election. 

Abbe, Cleveland Washington, D, C. 1879 

Abbot, Henry L. , U. S. A WhUesione, Long Island, N Y, 1872 

Agassiz, Alexander Cambridge, Mass. 1866 

Allen, J. Asaph American Museum, New York City. 1876 

Baird, Spencer F Washington, D. C, 1864 

Barker, George F Philadelphia, Pa. 1876 

Barnard, Frederick A. P New York City. 

Bartlett, William H. C 75 Locvst Hill Ave. , Yonkers, N, Y. 

Bell, A. Graham Washington, D. C. 1883 

Billings, John S., U. S. A Washington, D C. 1883 

Brewer, William H Nein Haven, Conn. 1880 

Brooks, W. K Johns Hopkins University, Baltimore, Md. 1884 

Brown-Sequard, Charles E Paris, France. 1868 

Brush, George J New Haven, Conn. 1868 

Chandler, Charles F Neio York Ciiy. 1874 

Coffin, John H. C, U.S.N Washington, D. C. 

Comstock, Cyrus B., U. S. A Army Building, New York City. 1884 

Cooke, Josiah P Cambridge, Mass. 1872 

Cope, Edward D 2100 Pine St., Philadelphia, Pa. 1872 

CouES, Elliott Washington, D. C. 1877 

Crafts, James M Ecole des Mines, Paris, France. 1872 

Dalton, J.C 43 W. Forty-eighth St., New York City. 1864 

Dana, Edward S NeiP Haven, Conn. 1884 

Dana, James D ...New Haven, Conn. 

Davidson, George San Francisco, Cal. 1874 

DuTTON, Clarence E., U. S.A Washington, D. C. 1884. 

Eads, James B Saint Louis, Mo. 1872 

Farlow, W. G Cambridge, Mass. 1879 

Ferrel, William Washington, D. C. 1868 

Genth, Frederick A West Philadelphia, Pa. 1872 

Gibbs, Josiah Willard New Haven, Conn. 1879 

GiBBS, Wolcott Cambridge, Mass. 

Gilbert, Grove K Washington, D. C. 1883 

Gill, Theodore N Washington, D. C. 1873 

Gould, Benjamin A Cordoba, Argentine Republic, S. A. 

Hague. Arnold U. S. Geological Survey, New York City. 1885 

Hall, Asaph, U. S. N Washington, D. C. 1875 

Hall, James A Ibany, N. Y. 

Hayden,F. V ISO'SArchSt., Philadelphia, Pa. 1873 

Hilgard, Eugene W Oakland, Cal. 1872 

HiLGARD, Julius E Washington, D. C. 

Hill, George W Washington, D. C. 1874 

Hill, Henry B Cambridge, Mass. 1883 

HoLDEN, Edward S Madison, Wisconsin. 1885 

Hunt, T. Sterry Montreal, Canada. 1873 

Hyatt, Alpheus Soc. of Nat. History, Boston, Mass. 1875 

Jackson. Charles L Cambridge, Mass. 1883 

Johnson, Samuel W New Haven, Conn. 1866 

King, Clarence 62 Cedar St., New York City. 1876 

Langley, Samuel P Observatory, Allegheny, Pa. 1876 
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Date of 
election. 

Leidy, Joseph Philadelphia, Pa. 1884 

Lesley, J. Peter 1008 Clinton St., Philadelphia, Pa. 

LeConte, John Berkeley, Cat. 1878 

LeContb, Joseph Berkeley, Cat. 1875 

Lesquereux, Leo. 302 Fourth St., Columbus, Ohio. 1864 

LooMis, Elias New Haven, Conn. 1873 

LovERiNG, Joseph Cambridge, Mass. 1873 

Lyman, Theodore Brookline, Mass. 1872 

Marsh, O. C New Haven, Conn. 1874 

Mayer, Alfred M Hoboken, N. J. 1872 

Meigs, Montgomery C, U. S. A Washington, D. C. 1865 

Mitchell, Henry U. S. Coast Survey, Boston, Mass, 1885 

Mitchell, S. Weir 1332 Walnut St., Philadelphia, Pa. 1865 

Morse, Edward 8 Salem, Mass. 1876 

Morton, Hknry Hoboken, N. J. 1874 

Newberry, J. S New York City. - 

Newcomb, Simon, U. S. N Washington, D. C. 1869 

Newton, H. A Neio Haven, Conn. 

Newton, John, U. S. A Army Building, New York City. 1876 

Oliver, James E Ithaca, N. Y. 1872 

Packard, A. S Providence, R. I. 1872 

Peirce, Charles 8 U. S. C. Survey, Washington, D. C. 1877 

Peters, C. H. F Clinton, N. Y. 1876 

Pickering, Edward C Cambridge, Mass. 1873 

Powell, John W Washington, D. C. 1880 

PuMPELLY, Raphael Gibbs Ave., Neioport, B. I. 1872 

Putnam, Frederick W Cambridge, Mass. 1885 

Remsen, Ira Johns Hopkins University, Baltimore, Md. 1 882 

Rogers, Fairman 202 W. Rittenhouse Sq., Philadelphia, Pa. 

Rogers, William A Cambridge, Mass. 1885 

Rood, OgdenN New York City. 1865 

Rowland, Henry A Johns Hopkins Univei^sity, Baltimore, Md. 1881 

RUTHERPURD, Lewis M 175 Sscond Ave., New York City. 

ScHOTT, Charles A Washington, D. C. 1872 

"ScuDDER, Samuel H Cambridge, Mass. 1877 

Sellers, William 1600 Hamilton St. , Philadelphia, Pa. 1873 

Smith, Sidney I New Haven, Conn. 1884 

Trowbridge, John Cambridge, Mass. 1878 

Trowbridge, William P New York City. 1872 

Trumbull, J. H Hartford, Conn. 1872 

Tuckerman, Edward Amherst, Mass. 1868 

Verrill, a. E New Haven, Conn. 1872 

Walker, Francis A Boston, Mass. 1878 

Wood, Horatio 1925 Chestnut St. , Philadelphia, Pa. 1879 

Worthen, a. H Springfield, III. 1872 

Wright, Arthur W New Haven, Conn. 1881 

Young, Charles A Princeton, N. J. 1872 

HONORARY MEMBERS. 

Oray, Asa Cambridge, Mass. 

Longstreth, Miers F •.. Derby, Pa, 
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DECEASED MEMBERS. 

Date of death. 



*Aga8siz, Louis Dec. 14 

*Alexander, J. H Mar. 2 

*Alexander, Stephen June 25 

*Bache, Alexander Dallas Feb. 14 

Barnard, J. G May 14 

''Caswell, Alexis Jan. 8 

* Ch Au VENET, William Dec. 13 

* Clark, Henry James July 1 

* Coffin, James H * Jan. 6 

Davis, Charles H Feb. 18 

Draper, Henry Nov. 20 

Draper, John W Jan. 4 

Engelmann, George Feb. 11 

* Fr AZER, John Fries Oct. 14 

* Gabb, William M May 30 

"* GiLLiss, James Melville Feb. 9 

* Gould, Augustus A ' Sept. J5 

GuYOT, Arnold Feb. 8 

*Hexry, Joseph May 13 

*Hadley, James Aug. 1 

* Hitchcock, Edward Feb. 27 

* Holbrook, J. E Sept. 8 

** Hubbard, J. S Aug. 16 

'* Humphreys, A. A Nov. 28 

*Haldkman, S. S Sept. 10 

*Kirtland, Jared P Dec. 10 

"Lane, J. Homer — 

*Le Conte, John L Nov. 15 
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REPORT ON THE ASTRONOMICAL DAY, THE ECLIPSE OF THE SVN IN 
1886, AND THE ERECTION OF A NEW NAVAL OBSERVATORY. 

[correspondence.] 

Yale College, 
New Haven, Conn., December 4, 1885. 

Sir : 1 have the honor to transmit to you herewith a report made by 
a committee of the National Academy of Sciences on the questions re- 
lating to the Astronomical Day, the Eclipse of the Sun in 1886, and 
the Erection of a new Naval Observatory, as submitted to the Academy 
by you, in a communication dated April 22, 1885. 

Very respectfully, ^ 

O. C. MARSH, 
President of the National Academy of Sciences. 

The Hon. Secretary of the Navy. 



Navy Department, 
Washington, D. C, April 22, 1885. 

Prof. O. 0. Marsh, 

President of the National Academy of Sciences: 

Sir : I have the honor to submit inclosed a copy Of Senate Executive 
Document No. 78, Forty-eighth Congress, second session, containing a 
letter from the Secretary of the Navy, dated February 17, 1885, trans- 
mitting communications concerning the proposed change in the time 
for beginning the astronomical day, as recommended by the recent 
Meridian Conference. 

I would respectfully request that the National Academy of Sciences 
take into consideration the question of adopting the proposed change 
in the American Ephemeris and Nautical Almanac, and other astro- 
nomical publications, and advise this Department of its views and rec- 
ommendations on the subject. 

I have also the honor to submit for your consideration and recom- 
mendation the following questions : 

(1) As to the advisability of asking Congress to make an appropria- 
tion for the observation of the ellipse of the sun in August, 1886, to be 
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expended by the SuperiDteudeut of the Naval Observatory under direc- 
tion of the Navy Department. 

(2) As to the advisability of proceeding promptly with the erection of 
a new Naval Observatory upon the site purchased in 1880. 
Yery respectfully, 

W. C. WHITNEY, 

Secretary of the Navy. 



Yale Oollege, 
NeuD HaveUj Conn., April 27, 1885. 
The Hon. the Secretary of the Navy : 

Sir: I have the honor to acknowledge the receipt of your communi- 
cation of the 22d instaut, and to inform you that in compliance with the 
request therein contained, I have appointed a committee from the Na- 
tional Academy of Sciences, to report upon the important questions 
you have submitted to the Academy. 

The committee is as follows: 

President P. A. P. Barnard, Columbia College, New York, Chairman. 

Prof. Graham Bell, Washington, D. C. 

Prof. J. D. Dana, Yale College, New Haven, Conn. 

Prof. S. P. Langley, Observatory, Allegheny, Pa. 

Hon. Theodore Lyman, Brookline, Mass. 

Prof. E. C. Pickering, Harvard Observatory, Cambridge, Mass. 

Prof. C. A. Young, Princeton Observatory, Princeton, N. J. 

This committee represents several branches of astronomy, as well as 
other allied departments of science, and will give the question submit- 
ted to them careful consideration. 

Yery respectfully, 

O. C. MAKSH, 

President of the National Academy of Sciences. 



REPORT. 

Prof. O. C. Marsh, 

President of the National Academy of Sciences : 

Sir: The undersigned, a committee appointed by you to consider and 
report ujfon certain matters concerning which the Secretary of the Navy 
has solicited the advice of the Academy, have attended to the duty as- 
signed them, and respectfully report as follows : 

The questions above referred to, as submitted by the Secretary to the 
Academy, are three, viz : 

(1) As to the expediency of making the change in the time of begin- 
ning the astronomical day recommended by the International Meridian 
Conference in 1884. 
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(2) As to the advisability of asking Congress to make an appropria- 
tion for the observation of the total eclipse of the sun to occur in Au- 
gust, 1886. 

(3) As to the advisability of proceeding promptly with the erection 
of a new Naval Observatory upon the site purchased in 1880. 

I. — The ASTRONOMICAL DAY. 

In regard to the first of the questions here presented, it appears to 
the undersigned that there are two points to be considered: first, how 
far the proposed change in the time of beginning the astronomical day 
is desirable in itself; and, secondly, whether, supposing it to be so, it is 
expedient to make the change in the American Ephemeris and Nauti- 
cal Almanac forthwith, and without waiting for, or soliciting the con- 
current action of others. 

The usage of astronomers, which makes noon instead of midnight the 
beginning of the day for their uses, was adopted without any reference 
to, or thought of, the purposes of general chronology; but was deter- 
mined by the simple fact that the sun's meridian passage can be directly 
observed. Having been adopted, it has entered into all the literature 
of astronomical science from the time of Ptolemy down to the present 
day. It has moreover become inwrought into all the habits of thought 
of the astronomical and nautical world; while those who are neither 
navigators nor astronomers have so infrequent occasion to concern them- 
selves with the computations of astronomy, that the discrepancy be- 
tween astronomical and civil reckoning is rarely brought to their atten- 
tion, and by many is not even known to exist. 

The proposed change is therefore not called for in order to remove 
any serious existing inconveniences; while, if made, it will be attended 
with the disadvantage of introducing an interruption of continuity be- 
tween the astronomical records of the past and those of the future, so 
that the astronomers of coming centuries will be unable to make use of 
the tables and ephemerides heretofore constructed, without allowing for 
a difference of twelve hours. 

It is true that the existing state of things may be a source of occa- 
sional uncertainty to the astronomer as to the exact date of a phenom- 
enon reported to have taken place, as when, for instance, a remarkable 
comet or meteor may be said to have been observed on a given day be- 
tween midnight and sunrise. During this period, the astronomical and 
civil time dates differ by a unit, and there may be doubt which of these 
times was intended ; but this uncertainty will not exist in case the num- 
ber of the hour as well as that of the day be stated, because in civil 
time the hour will be below 12, and in astronomical time above. 

It is an apparent objection to astronomical time reckoning that it di- 
vides the natural day — that is, the day between sunrise and sunset — 
into parts distinguished by different dates. For the ordinary purposes 
of life, the natural day is a unit, and cannot be counted otherwise witk- 
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out coDfusion. The Solar eclipse of August, 1886, for example, begins 
generally upon the earth by civil reckoning in the morning of the twenty- 
ninth day of the month, and ends in the afternoon of the same day, bat 
by astronomical time, it begins on the twenty-eighth and ends on the 
twenty-ninth. If this mode of counting dates should be extended to 
the record of historical events, it is easy to see how great must be the 
consequent confusion. 

But the fact that the discrepancy between the two different modes of 
time reckoning has not been felt as an important embarrassment in the 
astronomical world is evidenced by the almost absolute silence concern- 
ing it which characterizes the great mass of astronomical literature. 
The only astronomer of distinction by whom it is mentioned, so far as 
the knowledge of the committee extends, is Sir John Herschel, who, in 
his "Outlines of Astronomy,'' remarks, "This usage'' [beginning the 
day at noon instead of midnight] "has its advantages and disadvan- 
tages, but the latter seem to be preponderate; and it would be well if, 
in consequence, it could be broken through, and the civil reckoning 
substituted." 

While, however, the existence of the discrepancy under consideration 
cannot be regarded as a source of serious inconvenience, it must be ad- 
mitted that, in the interests of simplicity, it is desirable that it should 
disappear. The director of the Greenwich Observatory made early an- 
nouncement of the purpose there to begin the change on the 1st of 
January, 1885; and though in reply to a question from Commodore 
Franklin, superintendent of our !N^aval Observatory, he stated later that 
this was "for internal use, awaiting of&cial communication before in- 
troducing generally," it suflBciently indicates the preference of the as- 
tronomers at that establishment. Early in December, 1884, Commodore 
Franklin announced that the same change would be made at the N^aval 
Observatory at the same date \ but this order was subsequently with- 
drawn in deference to objections raised by Professor Newcomb, super- 
intendent of the American Ephemeris. Immediately after this, the ex- 
pediency of the x)roposed change was submitted, by a circular issued 
by Commodore Franklin, to a large number of American astronomers, 
and the replies of nine out of eleven of these were favorable, the re- 
maining two only giving a qualified dissent. This dissent relates not 
so much to the change itself as to the time of making it. 

In view, then, of the general consensus of the astronomers of our own 
country in favor of the proposed change, and of the adhesion to the same 
view of so important an institution as the Eoyal Observatory of Eng- 
land, the committee are disposed to advise that the change should be 
made. The question follows, therefore, whether it is advisable to make 
the change without further delay in the American Ephemeris and Nau- 
tical Almanac, and other astronomical publications issued in this coun- 
try, or whether it should be postponed until a general concurrence in 
the measure can be secured of the astronomical world elsewhere, in 
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order that the change, when made, may be made simultaneously every- 
where. 

Arguments have been urged on both sides of this question. On the 
one hand it has been said that, inasmuch as the Meridian Conference 
was assembled on the call of the United States, there is a certain fit- 
ness in a prompt acquiescence on our part in the recommendations of 
that body. It has, moreover, been argued that our example would 
doubtless exercise an important influence in disposing favorably to the 
measure minds otherwise inclined to hesitate. Of the astronomers who 
expressed their opinions on this point in answer to the circular issued 
by Commodore Franklin, the majority favored the immediate adoption 
of the mode of reckoning recommended by the Meridian Conference. 
The minority, however, objected to isolated action in a matter of such 
importance, arguing, with apparent justice, that unnecessary confusion 
would be the consequence of the introduction of the change intodifier- 
ent ephemerides at different dates. To this it has been added that the 
ephemerides prepared by maritime nations for the use of their naviga- 
tors are already completed and published in advance as far forward as 
the year 1888; and that it would be an indefensible incongruity for any 
government to require one description of time reckoning to be employed 
in the current work of the astronomers in its service, and another in its 
astronomical publications cov^ering the same period. 

The committee have further reason to believe that, while there is a 
general disposition on the part of the astronomers of Great Britain and 
the United States to accept the proposed change, the feeling toward it 
on the continent of Europe is less favorable. It is to be hoped, and 
indeed may be presumed, that time will remove this adverse disposi- 
tion if it exists, and that, before the close of the century, a harmony of 
opinion on the subject, which is already general, may become universal. 

At the recent meeting of the international association entitled the 
Astronomisehe OeselUchaft^ held at Geneva in August last, this question 
was considered and discussed at some length, but was left undecided. 
The discussion may be resumed hereafter, and should the conclusion 
be favorable, the association may name a time at which the change may 
be everywhere simultaneously made. 

The committee regard favorably the proposition of the Meridian Con- 
ference on this subject, and recommend that the change should be made 
as soon as sufficient concert of action can be secured among the leading 
astronomers and astronomical establishments of the civilized world — in 
1890, if practicable; if not, in 1900. 

II. — ^THE SOLAR ECLIPSE OF AUGUST, 1886. 

The second of the questions submitted by the Secretary inquires as to 
the expediency of asking Congress for an appropriation to provide for 
the observation of the total solar eclipse of August, 1886. Were it 
highly probable that under the circumstances observations could be se- 
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cared which would be of material gaiu to knowledge, the committee 
would Dot hesitate to reply promptly in the affirmative. No class of 
celestial phenomena has furnished more valuable contribatiops to our 
knowledge of the physical condition of the sun, and of the stellar uoi- 
verse generally, than is afforded by these eclipses. It is this which has 
prompted and justified the large expenditure of time and labor whidi 
has been devoted to the preparation and dispatch of expeditioos for the 
observation of these phenomena when they take place, as happens fre- 
quently, on distant and inhospitable parts of the earth's surface. 

The eclipse of August 29, 1886, will be total only in the torrid zone, 
and the path of the total phase will fall mainly in the open Atlantic 
Ocean ; but at Benguela, on the western coast of Southern Africa, it 
will be observable at about three o'clock of local time in the afternoon. 
The hour will be very favorable to observation at that station, and 
provided that the hygienic and meteorological conditions prevailing 
there at the same time can be presumed to be equally so^ it would seem 
to be desirable that advantage should be taken of them. 

Commodore Belknap, the present Superintendent of the Naval Observ- 
atory, has kindly furnished to the committee information as to these 
particulars in the form of a report made to himself by Lieut. G. C. Corn- 
well, U. S. N., who appears to have been instructed to make inquiry in 
regard to them. As to the meteorological conditions, the conclusions 
of Lieutenant Oornwell seem to be inferences derived from observations 
made at Loando, about 3 degrees north of Benguela, on the same coast, 
but subject to substantially the same climatic vicissitudes. He says 
"the foggy season extends from May till the end of August, and this 
is the best and most healthy time of the year for Europeans." The re- 
port gives the number of days during the month of August at which the 
sky was comparatively clear or not more than three fourths overcast at 
the hours of 9 a. m., 12 m., or 3 p. m., for six successive years, from 1879 
to 1884 inclusive ; deducing the result that " the probability of good 
weather at 3 p. m., the time of the eclipse, is as 18 to 13,'- not much 
more than an even chance; but, it is added, *'it is to be remembered 
that the conditions at the end of the month arc much more favorable.^ 
As to healthfulness. Lieutenant Cornwell says, "In conv^ersation with 
Captain Orispo, of the Portuguese navy, who was for a number of years 
the governor of Massamedes (about 3 degrees south of Benguela), I 
gathered that it would be perfectly safe for a party to spend the month 
of August on the coast without danger to health, and that there was 
nothing to fear from wild beasts." 

These statements are in great measure reassuring, if not wholly so. 
It would be preferable, if it were possible, to have some direct and 
official testimony as to the effects of a climate so generally believed to 
be deleterious upon natives of the temperate zones, rather than be 
obliged to rely, in a matter of so prime importance, upon what appears 
to be merely hearsay. 



REPORT OF THE NATIONAL ACADEMY OF SCIENCES. 41 

Were the proposed observing station within moderate distance, the 
uncertainty as to favorable atmospheric conditions would be of compar- 
atively little consequence. The question becomes more serious when 
the station can only be reached by a voyage extending to more than a 
quarter of the earth's circumference. The distance by great circle from 
New York to Benguela is nearly 6,000 nautical, or 7,000 statute, miles. 
With any vessel likely to be assigned by the Government to the duty 
of transporting an observing party for this purpose, the transit could 
hardly be accomplished in less than a month. The selection of a site 
for the observing station, the erection of temporary shelter for the 
party, the installation of instruments, the necessary preliminary obser- 
vations for latitude and longitude, and the calculation of the circum- 
stances of the eclipse for the exact locality, all which things should be 
deliberately done, would occupy not less than a fortnight j so that the 
expedition, in order that it may have a reasonable prospect of success, 
should leave New York not later than the middle of July. 

A doubt here presents itself whether, in case Congress should respond 
favorabl^^ to a request for an appropriation for this object, the action of 
that body would be likely to take place early enough to allow time for 
the proper outfit of the expedition and the necessary drill of the observ- 
ers in the methods of observation to be employed. It may be necessary, 
and probably will be, to construct instruments for the uses of the expe- 
dition, for, though it is understood that there-are telescopes at the Naval 
Observatory which have been employed on former similar occasions, 
and which may suffice for direct observation, the records of the eclipse 
which will have the highest value will be such as will have to be se- 
cured by photographic impressions of the successive aspects. It is 
possible that the instruments employed for this purpose in the transit 
of Venus expeditions may have been preserved ; but even if that is the 
case, modifications suggested by experience, or designed to adapt the 
apparatus to the special objects aimed at in the present instance, will 
doubtless be required. For in addition to the observation of the sun 
itself, and the luminous phenomena attending it, it is desirable to ob- 
tain photographic maps of all the surrounding region to the distance of 
at least ten or fifteen degrees from the sun, for the purpose of finally 
setting at rest the still mooted question of an intra-mercurial planet. 
It is true that the astronomical world is at present disposed generally 
to discredit the existence of such a body, yet the evidence on the sub- 
ject up to this time is mainly negative, as it must always continue to be 
so long as it depends upon direct vision. In a photographic map, taken 
during total eclipse of the sun, of the whole region within which such 
a planet must necessarily be confined, the object, if present, must present 
itself, and could not fail to be recognized. But, for photographic oper- 
ations of this class, lenses of wide angle must be specially prepared, 
differing essentially in character trom those which are employed to take 
Impressions of the eclipse. 
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During what is called the long session of Congress, definite action is 
rarely secured upon any important measure until late in the spring, or 
in tbe early months of the summer, a|id this is es[>ecially trae of money 
bills. If an astronomical expedition is to be sent out under the anspioes 
of the Government not later than the 15th of Jul3% the fact ooght to be 
certainly known as early as March at least, in order that the prepara- 
tion may be made with such deliberation and thoroughness as to insure 
satisfactory results. Considering the usages which have seemed to gov- 
ern Congressional legislation in the past, the committee are apprehensive 
that even in case provision should be ultimately made for the expedi- 
tion under consideration, it would come so late as to be unavailable, or 
would compel a preparation so imperf'ec;t and hurried as to he inade- 
quate to accomplish satisfactorily the objects in view. 

Taking all these reasons into consideration, the committee decline to 
recommend the application for an appropriation. 

III. — Tub Observatory. 

The third of the questions submitted by the Secretary appears to the 
committee to possess a higher importance than attaches to either of the 
others. It inquires as to " the expediency of proceeding promptly with 
the erection of a new Naval Observatory upon the site purchased in 
1880." 

It is now many years since the question of the removal of the Observa- 
tory was first agitated. The Board of Survey created by act of Congi^ess 
in 1872, of which the Chief of Engineers, General A. A. Humphreys, was 
chairman, recommended that the Observatory should be removed 
to a better site ; adding that the sale of the grounds attached to the 
present building would probably furnish the means of making the neces- 
sary purchase elsewhere. As a principal reason for such removal it was 
stated that the present site of the Obsei'vatory will be needed for pro- 
jected city improvements. The suggestion of this report produced no im- 
mediate efi'ect ; but after the accession of Admiral John Rodgers, in 1877, 
to the Superintendency of the Observatory, the question was revived, and 
the removal was earnestly pressed. In a letter addressed by Admiral 
Rodgers, in September of the year just named, to the Secretary of the 
Navy, it was recommended "that a suitable site north of the city, and 
inside the District of Columbia, be procured for a new Observatory," for 
the reasons, first, " that the malarious influences surrounding it [the pres- 
ent Observatory] are notorious, and that from May to about the middle 
of October, the officers, whose services are necessarily in the Observa- 
tory at night, pay the penalty in impaired health and diminished effici- 
ency.'' Secondly, that "the fogs which arise from the river, driven by 
the prevailing winds, float above the instruments and lessen their use- 
fulness." And thirdly, that '*the present Observatory is in a very di- 
lapidated condition." In support of these statements, Admiral Rod- 
gers presented the written testimony of eminent medical men residing 
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in Washington, some of tbem officially attached to the naval service; 
and also that of several of the astronomers whose work is at the Ob- 
servatory, all of whom concur in the opinion that the present site is 
seriously if not dangerously unhealthy. To this cause Medical Director 
Clymer does not hesitate to ascribe the early death of Captain Gilliss, 
Superintendent of the Observatory from 1861 to 1865; and Professor 
Yarnall expresses the opinion that the maladies by whicb Professors 
Ferguson and Hubbard, and Assistant Moses Springer were carried off 
were produced or fatally aggravated by the same injurious influences. 
It is further testified by the same authority, that every family which 
has resided in the Observatory building has suffered more or less se- 
verely. Admiral Sands having been at one time "reduced to the edge 
of the grave." In like manner the observers who, though living by day 
in more healthful quarters, were obliged to attend at the Observatory 
at night, in the discharge of their regular duties, were, almost without 
exception, subject to chills and fever. 

In regard to the second objection— the interference by fogs with the 
work of observation — the testimony is unanimous as to the fact of the evil, 
but is greatly conflicting as to its magnitude. Thus, Professor Yarnall 
says that "generally the condition of the atmosphere is favorable to ob- 
servation, except in the fall, principally in September and October, we 
have often to stop work from the fogs which arise from the river after mid- 
night." Professor Hall says, "My experience is that the observations 
which are chiefly affected by the river fogs are those of faint objects, 
like comets, and the small planets, when observed at a low altitude. 
During the summer and fall, it not unfrequently happens that observa- 
tions of such objects are prevented by these fogs." Professor Harkness 
testifies that "occasionally, on an otherwise clear night, a slight mist 
rises from the river; but it is rarely so dense as to interfere appreciably 
with meridian work, although, perhaps, it may sometimes prove an im- 
pediment in the case of very faint objects." Professor Eastman writes : 
" At intervals throughout the year, and on nearly every night from May 
to December, the surface of the Potomac Ei ver in the vicinity of the Ob- 
servatory is covered toward the latter part of the night with a mass of 
vapor and fog, which rises to such a height as completely to envelop 
the Observatory, and is so dense as seriously to interfere with all ob- 
servations of small objects." He adds: "The heated air over the dwell- 
ings north of the Observatory seriously interferes in the winter with the 
definition of all objects within 25^ of the horizon, and the increase in the 
number of buildings in that section of the city augments the difficulty 
every year." Professor Holden, after mentioning his opportunities to 
observe at West Point and at the observatory of Dr. Henry Draper on 
the Hudson at Hastings, continues: "My invariable experience has 
been that the atmospheric conditions obtaining afc Washington for ob- 
jects of low altitude are less favorable than those of the other observa- 
tories in question ; and this I attribute almost entirely to the proximity 
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of the Naval Observatory to the river, whose fogs and vapors exert a 
decidedly hurtful iuiiueDee upon the astronoraical work.'^ 

As to the third consideration bearing on removal, viz, the conditioii 
of the Observatory building, we have the statement of Admiral Itodgers, 
made in 1877, that it would require $29,909.35 to put it, at that time, in 
suitable repair. Commodore Belknap, the present Superintendent, 
writes under date of October 26, 1885 : " The dilapidated condition of 
1877 is replaced by a still more dilapidated one in 1885 ; the observing 
rooms (except that of the transit circle) are small and ill-constmcted ; 
the dome of the great equatorial is badly warped, requiring a four- horse- 
power engine to move it; the surroundings of the dome are in bad re- 
pair, and the buildings generally are ill-adapted to the purpose of an 
observatory ; the 9.6 inch equatorial room is in direct communication 
with the main building, and the currents of heated air which rise there- 
from greatly interfere with the eflficiency of the instrument." Commo- 
dore Belknap further represents that the library, which is large and 
very valuable, is not properly accommodated, and that there is no suit- 
able provision for the storage and preservation of the records. It may 
be added that the building is not fire-proof, and that the destruction of 
the library by fire would involve the loss of many priceless works which 
cannot be replaced. The present building appears, moreover, to be 
faulty in plan. In a letter of Professor Newcomb, addressed to Ad- 
miral Kodgers in 1877, it is stated that " the present building is entirely 
inadequate to the needs of a national scientific establishment, having 
been built more than thirty years ago, when American astronomy was 
in its infancy. The large and valuable library of the Observatory is 
outgrowing the limits which can be provided for its accommodation, and 
is now housed in what was formerly an observing room, where its proper 
protection from the vicissitudes of the weather is hardly possible. There 
is no proper place to store the records of observations and calculations 
made during the period now including thirty-two years ; and the instru- 
ments used in the observations of the late transit of Yenus have mostly 
to be stored in a small room where they are greatly exposed to destruc- 
tion by fire. The architecture of the present building is such that it 
cannot be readily enlarged to meet the increasing wants of the estab- 
lishment. One of the principal instruments of the Observatory (the 
prime vertical transit) has to remain unused, because the room in which 
it is placed is appropriated as a store-room and passage-way combined." 

On the .evidence as thus presented, the case would seem hardly to 
admit of doubt. The conclusion is almost forced upon us that, what- 
ever may be done about the erection of a new Observatory, every con- 
sideration, sanitary, scientific, and economical, requires that the present 
site and the present structure should be abandoned. 

There is something, however, to be said on the other side. The cita- 
tions above given are mainly drawn from documents prepared eight 
years ago. The sanitary question, which is by far the most serious one, 
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has, since that time, assumed a different aspect. The Observatory site 
has not always had the malarious character which has in recent years 
made it so nearlj^ uninhabitable. It owes its unhealthiness to the for- 
mation of marshy flats, in consequence, it is said, of the obstruction to 
the flow of the river by the building of the Long Bridge. These flats are 
now in process of being rapidly filled up, and it is the belief of some of 
the medical men of Washington that with their reclamation the dele- 
terious influences of which they have been the cause will cease to be 
exerted. Others of the profession, however, take a dittereut view; and 
while authorities equally entitled to respect are thus at variance among 
themselves, it seems to be the duty of this committee to give a greater 
weight to the certainty of the present than to the possibilities of a doubt- 
ful future. 

In regard to the obstruction to observation by fogs, the quotations 
above given, though they make the most of this difficulty, show never- 
theless that it is not a matter of gravity. Professor Holden, whose 
opinion is perhaps the least favorable of those expressed in 1877, says 
now, in a letter before the committee, '^the river fogs alone are not a 
sufficient cause for removal." Professor jSTewcomb, whose continuous 
service for sixteen years at the Observatory thoroughly familiarized him 
with all the ad^vantages and disadvantages of the place, is silent on the 
subject; so that it may be inferred that he considers the difficulty too 
unimportant for mention. 

As for the dilapidated state of the building, that may be a reason for 
repairing, or, if necessary, for reconstructing it; but it is not in itself a 
reason for a change of site. But if, as appears to be the case, the pres- 
ent site is objectionable on other and more serious grounds, the defective 
condition of the buildiug deserves consideration as suggesting that the 
present is a favorable time for abandoning it. But at this point, the 
question naturally arises, whether, in case a new Observatory should be 
erected on the site purchased in 1880, it would not be advisable to give 
to the new institution so erected a larger usefulness than can belong to 
an astronomical establishment assumed to have been designed to sub- 
serve only the wants of a single branch of the public service. 

The honorable Secretary, in employing the phrase " Naval Observa- 
tory," instead or saying •' Observatory " merely, has seemed to submit 
the question whether, in the opinion of the Academy, the interests of 
the Navy require that a new Observatory should be erected. The com- 
mittee have therefore sought to ascertain what are the special services 
rendered by the Observatory to the Navy, or what are the relations of 
the establishment to that branch of the public service which justify the 
epithet Naval, This title has never been conferred upon it by law, nor 
is it that by which it was first known. The Observatory commenced 
its operations in the autumn of 1844, and its first volume of observations 
was published in 1846 under the title '* Astronomical Observations made 
during the year 1845, at the National Observatory, Washington ; pub- 
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lished by authority of the Hon. George Bancroft, Secretary of the Navy." 
Volume II of the series was published in 1851, by authority of the Hon. 
William A. Graham, Secretary of the Navy under President Fillmore. 
In a letter addressed in 1854 by Lieut. M. F. Maury, then Superintend- 
ent of the Observatory, to Commodore Charles Morris, Chief of the Bu- 
reau of Ordnance iind Hydrography, of which a copy has been furnished 
to the committee by Commodore Belknap, it is stated that " the Ob- 
servatory was christened 'National' b}' Mr. Bancroft [the first Secretary 
of the Navy under President Polk] in a letter of March 6, 1846, relating 
to the labors to be undertaken at the National Observatory. Its ob- 
servations (1st Vol.) were published under that title by his authority, 
and not that of the Bureau.* Commodore Morris appears to have been 
dissatisfied with this state of things, and on the 11th December, 1854, 
he made an appeal on the subject to the Hon. J C. Dobbin, Secretary 
of the Navy under President Pierce, who promptly replied, " My opin- 
ion is that it [the Observatory] should be styled 'The U. S. Naval Ob- 
servatory and Hydrographic Office.' '' Thus one Secretary overrules 
the decision of one of his predecessors, and the practice sanctioned by 
two of them, and arbitrarily changes the name which has been borne 
by a public institution, with the perfect acquiescence of Congress and 
the people, for nearly ten years. Mr. Dobbin founded his ruling on the 
considerations that " It [the Observatory] has always been under the 
control of the Navy Department, and it is conducted by Navy officers, 
both in its superintending and somewhat subordinate duties." 

*Vol. I of the series, published in 1846, has two title-pages, one of them in letter 
press and printed as part of the first form ; the other engraved, and inserted appa- 
rently afterward. The original and regular title-page designates the Observatory as 
"the National Observatory"; in the one later inserted it is called "the U. 8. Naval 
Observatory." A presentation slip inserted between the two is as follows : " Presented 
to by the U. S. Naval Observatory, Lieut. M. F. Maury, U. S. N., Superintend- 
ent." This makes it apparent that tha change from National to Naval was made by 
Lieutenant Maury on his own responsibility. But as Vol. II, published in 1851, had 
also two title-pages with the word National in full in both, and as the same wastrne 
of Vol. Ill, published in 1853, the evidence is pretty strong that this act of the Super- 
intendent did not meet with the approval of the Department. Vol. IV gave in both 
titles the initials U. S. N. Observatory, which may read National or Naval at pleas- 
ure. In later volumes the engraved title disappears. 

In the appropriation bill approved August 3, 1848, a clause was inserted providing 
that the Superintendent "shall be either a captain, a commander, or a lieutenant in 
the Navy," but Lieutenant Maury did not regard this as justifying a change of title 
in the published observations, and no change was made until after the ruling of Sec- 
retary Dobbin, in 1854. Moreover, previously to this ruling, the Observatory was 
referred to in the annual appropriation bills either as " the National Observatory" or 
"the United States Observatory," both these forms appearing in the bill approved 
March 3, 1855, three months after the ruling. The term *' Naval Observatory" first 
appears in legislation in the appropriation bill approved August 16, 1856. 

By a special act of Congress, approved March 3, 1865, the provision of the appro- 
priation bill of 1848, requiring that the Superintendent of the Observatory should be 
a nayal officer, was repealed. 
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These things were indeed true as facts, and indeed there was a tem- 
porary requirement of law, introduced, in accordance with a practice by 
no means to be commended, into an appropriation bill, directing that 
the Superintendent should be a naval officer. But when Mr. Dobbin 
goes on to say further, " It is a Navy affair, and its reputation is the 
property of the Navy," h« asserts what was hardly true at the time, and 
what, in the subsequent history of the establishment, has Been still less 
so. For the reputation which the Observatory has acquired has been 
a reflection of the personal luster of individual men appointed to it 
from civil life, and whose most brilliant works have been accomplished 
quite independently of their routine duties at the Observatory. 

The fact that the Observatory is under the control of the Navy De- 
partment does not necessarily give it the character of a naval establish- 
ment. The Museum of Hygiene is under the same Department, but it 
is not called a naval museum. .The Marine Hospital Service is under 
the Treasury Department, but this is not because it has any affinity 
with the business of collecting and disbursing the revenues, but sim- 
ply because it is seemingly proper that every branch of the public 
service should be subject to the control of some Executive Department. 
It was by a very simple series of events that the Observatory fell under 
the supervision of the Secretary of the Navy. Some years before the 
erection of the present Observatory building, there was established on 
Capitol Hill an office of modest pretensions, styled a ^^ Depot of Charts 
and Instruments," of which the character is described in its title. Here 
Tiautical chronometers were regulated, reflecting instruments regulated 
and tested, and charts deposited, to be supplied whenever needed to 
our public armed vessels. After the erection of the Observatory, these 
duties were transferred to that establishment ; and while it remained 
in this embryonic condition there might perhaps have been a certain 
propriety in calling it a naval observatory 5 but the service it rendered 
to the Navy required no astronomical instrument for its satisfactory 
performance more than a small meridian transit. The variety of supe- 
rior instruments with which the new structure was furnished invited, 
however, to the prosecution of researches purely scientific; and the 
consequence has been the publication up to this time of about thirty 
volumes of observations, embracing between five and ten thousand 
pages, not one in a hundred of which is probably of any especial con- 
cern to the Navy. 

In 1866, the charts and nautical instruments were removed from the 
Observatory to the Hydrographic Office in the Navy Department. The 
chronometers remain, and the rating of these time-pieces is the only 
substantial link by which the Observatory maintains a practical con- 
nection with the naval service. Secretary Dobbin, in the order by 
which he transformed the name of the Observatory, making it naval 
after it had been for ten years known only as national, seems to rest for 
the justification of his proceeding on the fact that ^^ it has always been 
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conducted by Navy oflScers," a fact certainly, but a fact for which for 
several years after it was founded there existed no requirement of law, 
and for which there exists none now. This fact, however, is undoubtedly 
the principal ground on which the claim that the Observatory should 
be called a naval institution must rest — it has always had a naval of- 
ficer, usually an oificer of rank, at its head. Junior naval officers have, 
moreover, been frequently sent there to be trained in methods of observ- 
ing, and sometimes to be charged with the duties of observers withoat 
training, or at least without adequate training. This seems, however, 
to be a very subordinate branch of naval education. If this were not 
the case, however, the fitness of things would seem to suggest that pro- 
vision should be made for the training of these officers at Annapohs 
rather than at Washington. There is already an observatory at An- 
napolis; but the course of instruction pursued at the naval school there 
is of itself evidence how little importance is considered in naval educa- 
tion to attach to the processes of practical astronomy as conducted in 
fixed observatories. All the astronomical training which the naval 
cadets receive is confined to the principles of navigation and the 
use of portable reflecting instruments. It is believed that the ob- 
servatory of the Academy is not used at all, and has not been for many 
years ; and the neglect of it would appear to show that the naval of- 
ficers stationed there have not the time to occupy themselves with sub- 
jects so far outside of the necessities of their professional life. 

But if it should appear to Congress, or to the leading minds in the naval 
service, that a certain number of the junior officers of the Navy ought 
to be familiarized with the use of fixed astronomical instruments, then 
propriety would appear to suggest that the educational institution which 
was expressly established to give to young men the knowledge of other 
subjects necessary to qualify them for duty in the naval service should fur- 
nish them also their proper instruction in this. Let for this purpose the 
observatory of the Academy, if necessary, be enlarged, and if the addi- 
tional duty consequently imposed upon the present staff of instructors 
is likely to overtask them, let their number be increased. Let also the 
business of rating the chronometers be transferred from Washington to 
Annapolis ; and then we shall have an observatory which may properly 
be called naval. 

The work by which our Washington Observatory has made itself 
known, that which has giv^n it the honorable reputation it enjoys, has 
been work which has been undertaken and successfully accomplished 
purely in the interest of astronomical science. It is such work as is done 
at Greenwich, at Pulkova, at Paris, and at other national observatories. 
The heaviest part of this work consists of those observations of stand- 
ard stars, of the planets, and of the moon, which are necessary to the 
perfection of the nautical ephemerides, on the accuracy of which the art 
of navigation and the security of the mercantile, no less than of the na- 
val marine are so entirely dependent. This is the kind of work in which 
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the asefalness of a public observatory is most directly felt. It is the 
kind of work which makes the existence of public observatories a ne« 
cessity ; for its monotony is snch as to offer no attractions to private ob* 
servers, who naturally devote themselves to researches which hold out 
the fascinating hope of discovery. 

But researches of this latter character form also a part of the work 
of public observatories, though they constitute no part of their neces- 
Bar^' duties. And there can be no doubt that it is to the success of 
such incidental labors, when they are successful, that such institu- 
tions owe in large part the reputation they acquire. The honorable 
Secretary Dobbin, in 1854, claimed that even at that early day, when 
it had been only ten years in existence, our National Observatory had 
already achieved an enviable reputation — a reputation which he claimed 
as the property of the Navy. But at that time, the institution had 
published but two volumes of observations, and the reputation it had 
acquired was due almost wholly to the brilliant success of Prof. Sears 
O. Walker, one of its civilian astronomers, in determining, in 1847, the 
orbit of the then recently discovered and distant planet Neptune. And 
Admiral Eodgers, in enumerating at a later day the grounds on which 
the Observatory may fairly claim to rank among the first institutions 
of its class in the world, finds nothing to say of its relations to the 
Navy except the following : " It co-operates with the Navy in deter- 
mining positions abroad. It is the depot where the chronometers for 
the Navy are kept and rated, and from which naval vessels are sup- 
plied with them on being placed in commission. Its appliances are 
always open to officers of the Army and Navy who wish to avail them- 
selves of them in determining positions." On the other hand, he 
speaks of *'the furtherance of navigation" as "the legitimate work of 
the Observatory," this being a service of larger importance to the mer- 
chant marine than to the naval, in the proportion in which the num- 
ber of ships engaged in commerce exceeds that of those created to 
meet the exigencies of war. And speaking further of its valuable serv- 
ices to the country and to science, he says, " It is in nearly constant 
<50-operation with the Coast Survey and with the heads of exploring par- 
ties, in determining the latitudes and longitudes of cities, boundary 
points, and important stations in every part of the States and Territo- 
ries." He adds, "All longitudes in this country are now, in the first 
place, determined by means of, or are referred to this Observatory." He 
attributes to the Observatory credit also for dropping time-balls from its 
own dome and in the city of New York 5 for lending essential aid to the 
American Ephemeris and Nautical A4manac by perfecting the tables 
indispensable to the navigator and the astronomer ; for a persistent 
study, pursued through years, of the moon's irregularities, with a view 
to the correction of the still outstanding errors of the lunar tables; for 
the star catalogues prepared for publication by Professor Yarnall, com- 
mended in the report of the council of the Royal Astronomical Society of 
• S. Mis. 153 4 
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liODdoiiy in 1874, as ^^a valuable oontribatioQ to observing as4TOiiomy$ 
the catalogue ooiitaiuiDg 10,658 observed stare, and inelading iMaj 
observed in. the Army and Coast Surveys, and many from Laoa&kh 
catalogue not hitherto observed"; for Professor Newcomb's vaiuafole 
contributions to the volumes of observations for 1865, 1870, and 1873; 
for Professor H^lden's interesting papers ^^ relating to the Bing Neibala 
in Lyra, the Trifid Nebula, the Satellite of Uranus, and other astro- 
nomical topics"; for the discovery by Professor Ferguson of Euphrosyne, 
the first of the planetoids discovered in this country ; for the discovery, 
by Profess<»r Hall of the two satellites of Mars, and so on ; and he 
shows, from the extent of space given in the German Astronomical Re- 
view and the Monthly Notices of the Koyal Astronomical Society of 
London, to the work of our Washington Observatory as compared with 
others, that in the estimation of European astronomers, our Observa- 
tory ranks among the firet in the world. Indeed, he states that «n au- 
thority so high as Father Secchi, of Bome, puts Pulkova, Greenwich, 
and Washington together in the foremost rank of astronomical instita- 
tions. 

The claims here made are all of them just, though in some instances 
it has been the merit of the individual observer, of which the Observa- 
tory has enjoyed the benefit, since much of the most creditable work 
has been supererogatory rather than obligatory. Still, it cannot be de- 
nied that it has been the Observatory which has afforded to these suc- 
cessful laborere the opportunity to put forth their strength, and ftir- 
nished the stimulus which has animated them to effort. The honorable 
reputation of the institution has even been enhanced by labors under- 
taken by some of its observers independently of their professioniyi da- 
ties as connected with it, and of which the results have been given to 
the world through different channels. This is especially true of the 
colossal labors of Professor Newcomb in his " Theory of Neptune " and 
his " Investigations of the Orbit of Uranus," published in the Smith- 
sonian Gontributions to Knowledge, and in his '' Theory of the Pertur- 
bations of the Moon produced by the Planets," published in Liouville's 
Journal, Paris, of which it was remarked by Professor Cayley, presi- 
dent of the Eoyal Astronomical Society, that " it contains the success- 
ful development of a highly original idea, and cannot but be regarded 
as a great step in advance in the method of the variation of the ele- 
ments, and in theoretical dynamics generally." 

All these specifications, however, creditable as they are to the Obser- 
vatory, are illustrations of the services it has rendered, not to the Navy^ 
but to the art of navigation and pure astronomical science. It has 
served for our country the purpose on account of which the observa-. 
tory at Greenwich was avowedly founded, two hundred years ago, for 
England ; and that for which, within the present century, the observa- 
tory at Pulkova was founded for Bussia ; that is to say, notwithstand- 
ing its name, its labors have been actually conducive to the common 
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good of the nation, and have not been restricted to the special benefit 
of any particular branch of the pnblic service. And such, should it be 
maintained, will continue to be the character of its work, whatever may 
be the title by which it shall be known. But that its title should be in 
harmony with the nature of its work, would seem to be a dictate of the 
simplest common sense. In the view of the committee, therefore, should 
a new observatory be erected, whether on the site of the present one, or 
on that which was purchased in 1880, or anywhere else, at the cost of 
the Government, it should not be a Naval, but a National Observatory. 

Having become thus assimilated in title, as it already is in its work, 
to the institutions of similar character maintained by the governments 
of other enlightened nations, it would seem that it should, like them, be 
placed under a direction in harmony with its objects. No one can have 
a higher respect for the gallant officers of our Navy than the members 
of this committee, or those of the National Academy ; but it implies no 
disrespect to them to' say that there is nothing in their professional 
educa;tion, and nothing in the nature of their active duties in the serv- 
ice, to familiarize them with the processes of astronomical observation, 
or to acquaint them with the construction and uses of fixed astronom- 
ical instruments. There have been exceptional cases, indeed, in which 
a naval officer has been an accomplished astronomer. This was espec- 
ially true in the case of Capt. J. M. Gilliss, who had the direction of the 
Observatory from 1861 to 1865, and of Admiral 0. H. Davis, his imme- 
diate successor, who held the position from 1865 to 1867. When astron- 
omers like these are to be found in the Navy, it is quite fitting that 
they should be placed at the head of our National Astronomical Ob- 
servatory ; but, in the view of the committee, a line officer of the Navy 
not thus specially qualified is as much out of place as superintendent 
of a great astronomical establishment as a civilian astronomer would 
be, if placed in command of a fleet of armed vessels in time of war. 

There is another consideration which bears seriously upon the expe- 
diency of appointing naval officers to fill this important post, whatever 
may be their scientific qualifications — it is the brevity of the time du- 
ring which they are permitted to enjoy this honorable distinction. The 
exigencies of the naval service are continually imposing upon the De- 
X>artment the necessity of ordering them to other fields of activity, often 
before they have had time to familiarize themselves with their duties 
in this temporary post. It is now just forty-one years since the Ob- 
servatory commenced its operations, and it has had already, including 
the present incumbent, nine different Superintendents, of whom one 
was a second time appointed after an interval of seven years, making 
ten different administrations, and giving an average term of incum- 
bency of four years and one-tenth. The only Superintendent who seems 
to have held office with anything resembling permanence was Lieuten- 
ant MftHTy, the first on the list, whose term of service extended firom 
31i844.to 1891) seventeen yeais, and who then voluntarily abandoned his 
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post ; but Lieutenant Maury had been disabled by an accident from 
active service in the Navy before bis appointment to the Observatory, 
and hence was disqualified except for some snob position as that which 
he held in the Observatory. Deducting these seventeen years, there 
remain twenty-four duriug which there have been nine successive ad- 
ministrations, with an average term of service of two years and eight 
mouths. And in the list of Superintendents during this period are 
two who held the position for less than one year. 

Now, in any human undertaking whatever, nothing can be less fa- 
vorable to the attainment of satisfactory results than coutinoal change 
in the directing head. And that which would be universally regarded 
as inadmissible in a business enterprise, seems to be still more so in an 
iustituciou established and operated in the interests of exact science. 
The examples of foreign observatories illustrate the importance attached 
to this consideration in other countries. Francis Arago held the post 
of director of the Paris Jbservatory for twenty-three years ; Frederick 
William Bessel was at the head of the Koenigsberg Observatory for 
forty years ; and George Biddel Airy was astronomer Eoyal at Green- 
wich for nearly fifty years, the term of service in the first two of these 
instances bein^ ended only by death. 

Upon the point now under consideration, the committee have found a 
letter addressed to Admiral Rodgers by Professor Kewcomb, in 1877, in 
reply to the question " Whether it is more advantageous that the Su- 
perintendent should be a line officer of the Navy or a practical astrono- 
mer,'' which so perfectly expresses their own view that they do not 
hesitate to adopt it entire. Professor Newcomb says : 

I am of opinion that the establishment should have a scientific head for these 
reasons : 

1. The generally recojj^nized necessity that every office should, so far as practicable, 
be under a head professionally acquainted with its routine of business, exists here. 
The most important duty of the Superintendent is to see that the observations made 
and the work performed are those most advantageous for the objects with which the 
institution was founded ; that the calculations are correctly made ; and that harmo- 
nious co>operation is secured among the various departments. The securing of these 
objects requires a permanent policy, which can only be inaugurated by a scientific 
head. As illustrative of this view, I may cite the fact that during one-fourth the 
existence of the Naval Observatory, the publication of the annual volume of observ- 
ations was entirely omitted, for the reason that only one or two observers made any 
observations worth publishing. The most important want of national astronomy at 
the present time is general tables of the stars and planets corresponding to the present 
state of practical astronomy ; and it is a want which can, in its full extent, be sup- 
plied only by a large and well-organized observatory, securing the co-operation of 
many minds in the work of observation and calculation. I am unable to see how 
such a work as this can be successfully executed except under constant scientific 
supervision of the establishment. 

2. It seems to me that a new Observatory should be built, and administered with some 
one or more well-defined objects in view, and that these objects should be those of the 
fulfillment of which science stands most in need. Scientific control in some form 
would, I think, at least tend to assure the public that this end was being secured, 
though it might be executed by a commission or a board as well as by a single person. 
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3. I think that individual astronomers of talent are more secare in the recognition 
of their scientific claims nnder a head professionally interested in the advancement of 
science. It is a part of the law of scientific publication — unwritten, indeed, but uni- 
'v^rsally recognized in the scientific world — that every man doing original work, 
should be recognized in its publication as the author of it. But, during more thftn 
half of the existence of the Naval Observatory this right was not recognized, the 
name of the author being either entirely suppressed, or only mentioned in some other 
place than the title-page of the work. That this is not now the case is due solely 
to the liberality of yourself and of your immediate predecessors. 

The committee anticipate the objection that, inasmnch as the Obser- 
vatory, on their own showing has, during the forty years of its exist- 
ence, enjoyed an honorable reputation, though always during the same 
period under the direction of a line oflBcer of the !Navy who has not him- 
self been usually an accomplished astronomer, this experience of the 
past is a practical demonstration of the fact that a scientific bead is not 
necessary to insure to such an institution the attainment of the most 
satisfactory results. This argument admits of being inverted, or stated 
conversely, as thus: The experience of the past demonstrates that a 
body of conscientious and faithful workers in the scientific field can at- 
tain creditable results and achieve an honorable reputation, in spite of 
the absence of an intelligent directing mind to systematize their work 
and to constrain them into harmonious co-operation to the attainment 
of a distinctly defined common object. 

The reputation of the Observatory, as has been already remarked, 
rests very largely upon the admirable results attained by individual 
civilian members of its astronomical stalf in researches undertaken of 
their own proper motion, and not prescribed by the superintending author- 
ity, or even assigned to them by any common agreement among them- 
selves. Such are the labors, already referred to, of Professor Walker 
on the orbit of Neptune, the discoveries of Professors Ferguson and 
Hall, the observations of Professor Holden on the nebulae, especially the 
nebula of Orion, the admirable contributions of Professor Newcomb to 
the published volumes of Observations, to say nothing of the extraordi- 
nary investigations undertaken by this last-named gentleman outside 
of his regular work in the Observatory. But productions of this kind, 
however brilliant and however admirable, furnish us no evidence of the 
kind of system which governs the operations of the Observatory, nor 
even evidence that such system exists at all. They are proofs that 
good work is done by subordinates, but testify nothing as to the capac- 
ity' of the administrative head. 

Achievements like these, however, which are the results of individual 
endeavor, form no part of that special description of systematic work 
for the sake of which national observatories are necessary, and for the 
prosecution of which the earliest observatories were founded. At the 
time of the discovery of America by Christopher Columbus, the naviga- 
tor had no better means of determining his place at sea, than the method 
of dead-reckoning, dependent on log and line and the magnetic needle. 
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Tbft alarm of that adTentarooa naTigator wheo be diaoovered that the 
aeedle was not constant in ita direetion k matter of history. Pievi^ 
oosly to this time few navigators had the dariog to ventoie far from 
land ; bat the demonstrated existence of a new continent teeminnf with 
riches stimnlated freqaent voyages npon the open ocean ; and the per- 
plexing ''problem of the longitude," as it was called, attracted the ear- 
nest interest of every maritime people. Tempting rewards were held 
out to any person who should successfully solve this baffling problem. 
In 1S98, Philip III of Spain offered to this end a reward of 1,000 ea^owns. 
The Dutch states followed with a higher offer of 1 0,000 fl(mns. The Brit- 
ish Parliament, in 1714, proposed a grand prize of £20,000 for a method 
which should determine the longitude at sea within 30 geographical 
miles; also a less prize of £15,000 for a method true within 40 miles, 
and another still of £10,000 for one true within 60. In 1716, France 
offered for a similar purpose a prize of 100,000 livres. In 1674, dur- 
ing the reign of Charles II of England, a method was presented to the 
British court for determining the longitude by means of observations 
of the moon's distance from fixed stars near its path — the method still 
known and practiced under the name of 'Hhe method of lunar dis- 
tances." This plan having been submitted to Flamsteed, then the 
most enSinent of British astronomers, was pronounced by him to be 
useless on account of the errors of the tables. Of astronomical tables 
then existing, the best were those of Tycbo Brahe, and the place of a 
ship as determined by them might possibly be in error to the enormous 
extent of 900 miles. It was this state of things which led to the estab- 
lishment of the Boyal Observatory at Greenwich, and shortly after, of 
that at Paris, examples which have since been followed by the gov- 
ernments of all considerable nations which have a maritime popu- 
lation and commerce. Of the Oreenwich Observatory, it has been re- 
marked that ^^ that single institution has done more for the increase of 
the world's wealth than would have sufficed to support at their ease all 
the astronomers and physicists that ever lived since the days of Hip- 
parchus ; to build and furnish all the observatories the world ever saw; 
to establish and endow all the universities, colleges, and schools of every 
grade from highest to lowest throughout the globe; to erect and pro- 
vide for all the hospitals, almshouses, and eleemosynary institutions of 
every kind in all civilized lands ; and to build all the churches and par- 
sonages, as well as to defray all other expenses attendant on the support 
of religion in every Christian country from the advent of our blessed 
Savior down to the present hour. To make even a conjectural estimate 
of the true value of its services to mankind would, from the nature of 
the case, be impracticable, since the elements which must enter into 
such an estimate are as numerous as the endlessly varied artielea of 
human consumption. It is even impossible to make a comparative eati- 
mate of the value of astronomical ageucy considered along with other 
jagendes concerned in promoting the same interests, since all tbe ini- 
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provenents of art or acienee which tend to gwe inoreased development 
to oomaerciali enterprise, and all the stimulating inteenoes which iooito 
men to engage or eoooarage to oontinne im commeroial pnrsnits, steal 
from astronomy at least half their effieiency, by availing themselves of 
the secnrtty which that science has provided for the immense aggregate 
of treasore constantly aiioat upon the waves." 

The immense service here so emphatically described as rendered to 
mankind by the Greenwich Observatory has been accomplished simpfy 
by making it a possibility to find the lougitade of a ship at sea by as- 
tronomical methods. And this result has been attained by so careful, 
systematic, and persistent observation of the more conspicnoHS mem- 
bers of the solar system, and of the principal stars in and near the zo- 
diac, as to give to the solar, lunar, and planetary tables and to the star 
catalogues such a degree of accuracy as to permit the future aspects of 
the heavens to be correctly predicted. This it is which constitutes the 
proper and essential business of a state observatory. Two centuries 
ago, when the first state observatories were founded, the errors to be 
corrected were so enormous as to make the first steps toward this cor- 
rection comparatively easy^ but the process by which these great errors 
were eliminated has still constantly to be repeated, since the tables 
of celestial movements are by no means yet perfect, aud the apparent 
places of the stars, as determined by their spherical co-ordinates, are 
andergoing constant though gradual change through their own proper 
motions, and in consequence of the precession of the equinoxes. Though, 
therefore, navigation by the stars has been reduced to a science of ex- 
treme accuracy, it can only be maintained in that character by un- 
wearied persistence in the same description of observations by which it 
was originally made so. 

It is accordingly the fidelity with which it follows up this species of 
work, and not its occasional discoveries of comets or minor planets, or 
its studies of curious objects like Saturn's rings or remarkable nebulsB, 
which is to be the test of the intelligence with which the operatious of 
a state observatory are conducted, and of the competency of the direct- 
ing head. It is, consequently, to the published observations of the ob- 
fiervatory that we must ^k for the means of forming a judgment in re- 
gard to it upon these points. If we examine the aeries of volumes put 
forth by our Observatory, at first under the name of National and aftev* 
wards under that of Naval Observatory, we shall deetect features whieh 
are fax IroQi satisfactory.' At first, we shall notice that there occur un- 
explained gaps in the series-^-entire years passing which leave no record 
behind them; and secondly, we shall observe that when observations of 
oerlaia object were actually pursued from year to year, they are not 
ateadtty aantiniioas or uniform in frequency ; also that, before the instal- 
laliciia fff the transit cfarele in I860, and when two instruments were neees* 
aary for the determination of the place of a star, via, the simple transit 
tha right aaeai^ion, and the muial eirele tow the deehaation, these 
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two instniments appear to have been worked without preconcert on the 
part of the observenu Sometimes stars which were observed on one 
day with one instmment were observed on a different day witii the 
other. Occasionally objects which were observed for a long period of 
time with one of the instruments, were not observed with the other at 
all. In reference to these points attention is called to the letter of Pro- 
fessor Newcomb, addressed to the chairman of the committee, which is 
appended to this report. 

The publications of the Observatory itself, therefore, show safficiently 
the absence of any preconceived plan directing its operations ; and this 
fact is a sufficient response to the argument that it nas attained an hon- 
orable reputation while under the superintendency of naval officers who 
were not astronomers. 

It can hardly be doubted that our Observatory will continae to be 
maintained, whether it be perpetua^^ed as an appendage of the naval 
service, or raised to the dignity implied in the more honorable title of 
I^ational Observatory. Our country has been too large a participator 
in the benefits conferred by astronomy upon navigation, and through 
navigation upon commerce, and through commerce upon national 
wealth, to permit her to repudiate the obligations under which the his- 
tory of her past prosperity has laid her to this noble science, or to permit 
her, even in view of her own material interests, to neglect to continue 
the provisions by which only these benefits can be perpetuated. Nor 
is it conceivable that among our statesmen it can be regarded as con- 
sist/Cnt with a proper national self-respect that this enlightened Qovern* 
ment shall fail to extend an encouraging band to a science which, for 
the past two centuries, all civilized and Ohristian peoples have vied 
with each other in fostering. The United States of America outnumber 
in population any modern Christian people except Eussia; and at the 
present rate of increase, they will, in two or thi^ee decades, exceed not 
only in numbers, but in wealth and in military strength, every other 
nation of the civilized world. The time is soon coming when the sails 
of the American Bepublic will cover, as they have done in years past, 
every sea, and her flag will fly in every accessible port. Such a nation 
cannot fail to do as much for the science which has made navigation 
possible, as at least such comparatively feeble states as Spain, Portugal, 
and the Argentine Eepublic, the last named of which has recently 
established at its capital, Cordoba, a noble observatory, in which our 
accomplished countryman. Dr. B. A. Gould, has, within the past fifteen 
years, achieved a work of almost superhuman magnitude, and which is 
destined to be a perpetual monument to his masterly intellect and his 
energy, perseverance, and skill as an observer. We ought rather to 
emulate the liberality of the most powerful states, like Eussia, which, 
at Pulkova, has reared in recent times the most splendidly equipped 
temple to astronomical science yet anywhere existing. 

That Congress appreciates the obligation of our people toward this 
branch of science is manifest in the legislation of nearly half a century 
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in regard to it ; Id the ereotiou of a oostly bailding which, thoagh now 
perhaps dilapidated and otherwise inadeqaate to the increasing needs- 
of scienoe^ was originally at least beantifal in appearance and conven- 
ient in plan ; in its original eqaipment of instrameuts eqoal to any 
of their time; the provision in 1866 of a splendid transit-circle, and the 
purchase a few years later of the great 26-inch equatorial, at the time,, 
the most powerfal telescope in the world, and now surpassed by only 
two others; with finally the purchase in 1880 of a new and admirable site^ 
free from the objections which have been found to exist to the present 
one, for the erection of a new and more convenient edifice; these suc- 
cessive acts prove that the advancement of astronomical science has 
been long a settled part of the policy of our National Legislature, and 
furnish an assurance amounting to a moral certainty, that if the present 
Observatory should be abandoned, it will be only to erect another and 
a better one elsewhere. 

It oaght certainly to be a better one. If, in the completeness of it» 
provisions to secure satisfactory results, it shall correspond in any de* 
gree to what the position of our people among the nations of the earth 
would suggest, and would seem to require, it ^ould be the most per- 
fectly api>ointed establishment of its kind hitherto created, and would 
stand conspicnous among the monuments by which enlightened peoples- 
signalize to surrounding nations their moral and intellectual superiority. 

The necessity of abandoning the present site, suggested as probable 
by the Government Board of Survey in 1872, and recognized to-day as^ 
imperative, affords a very opportune occasion for the early realization- 
of this noble aspiration, and for enabling our Government, while care- 
fully guarding the interests of the Navy, whether scientific or educa- 
tional, to fulfil suitably the weighty obligations under which it lies to 
that science which has done more than any other to build up the wealth 
of nations. Let all those instruments in the present Observatory which 
can be of service to the Navy, with so many of the astronomical staff as 
may be needed to use them, be transferred to Annapolis, and let the 
observatory of the Naval Academy, strengthened by these accessions, be 
styled the Naval Observatory. Let the remaining instruments, which wilb 
probably be the 26-inch telescope, the transit-circle, and the prime ver- 
tical transit, be reserved to be installed in a new edifice to be erected 
upon the site purchased in 1880, in conformity with designs prepared 
after consultation with the most experienced astronomers of the coun- 
try, including present and former members of the astronomical staff or 
the Observatory itself; and let this new structure be styled the Na- 
tional Observatory of the United States. Precedents for the distribu- 
tion of duty here proposed may be easily found, if required. Spain 
maintains at her capital an observatory devoted to the interests of pure 
astronomy, while she has another at Cadiz styled a naval observatory. 
Austria has an imperial royal observatory at Vienna, and a naval ob- 
servatory at Pola on the Adriatic. Germany has a principal observa- 
tory at Berlin, and a so-called marine observatory at tS'llV^AVox^^^iSi., 
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I« W^^ wwDer ^ ItttMift bi^ at Palkoyft, the niost apleiulidly aid^wed 
^steUiflliiii^uti for the luroaicMtioii of astroyomiciA «oi«iice ui the world, 
a^d « minor one for nmiBe n^ea at Odessa. Fraaoe, also, bMidee her 
^great obaervatory foqaded ia the eeveateevth eentmy at Pavis, has, it 
is believedi, aiiother at Cherhonrg connected with her naraX serrioob In 
aU these casea« it will be notioed that the uaval observatory is situated 
in a sea-port town. The arrangement, therefore, here poroposed, con- 
forms to preoedent not only in principle, but also in this rather impor- 
tant detail. 

In view of all these considerations, the committee nnanimonaly concur 
in the ibUowing conclusions, viz : 

1. It is advisable to proceed promptly with the erection of a new ob- 
4servatory upon the site purchased in 1880 for this purpose. 

2. It is advisable thi^t the observatory so erected shall be, and shall 
be styled, as the present Observatory was styled originally, the Na. 
tional Observatory of the United States, and that it shall be under 
-civilian administration. 

3. It is advisable that the instruments in the present Observatory, 
with the exception of the 26-inch telescope, the transit circle, and the 
]mme vertical transit, shall be transferred to the observatory at An- 
napolis, with such members of the astronomical staff as may be required 
to operate them } also that such books of the library as relate chiefly 
to navigation shall take the same destination ; the instruments above 
particularly specified, with the remainder of the library, being reserved 
as part of the equipment of the new National Observatory, to which 
also the remaining officers of the astronomical staff shall be assigned 
for duty. 

4. It is advisable that the observatory at Annapolis should be en- 
larged, if necessary, and adapted to subserve as effectually as possible 
the wants of the naval service, whether practical, scientific, off edaca- 
tional f that it shall be under the direction of the Department of the 
Kavy, and shaU be styled the Naval Observatory of the United States. 

Appended to this report will be found documents showing the au- 
thority under which the committee ha^t been constituted, and a)sQ a se- 
lection from those bearing upon the subjects considered, which have 
he»n laid before them during their deliberatioqs^ 

AU which is respectfully submitted. 

F. A. P, JPABNAKD, 

A. GRAHAM BJB;*X^. 
J. p. DA^^A. 

8. p. JiANGIiUT. 

TOEOnOIWpJ I^Y^IAN. 

B. 0. PIQK;^p[G. 

C, A. jQvm. 

OOLXJH^IA GOLLEaE, 

N^ )^^%, November ^, 1885. 



{UUP097 OF THQ HATIONAJL iciDEHT OP SClS£rCB& 59 



The documents contained in this an[>endix are as follows : 

1. Letter of the Secretary of the Navy to the President of the Ni^tional Academy of 

SeieRoes, asking the advice of the Academy apon certain qaestions. 

2. X^tter of President Marsh, naming a committee of members of the Academy to 

consider and report on the questions of the Secretary. 

3. Letter of the chairman of the committee to the Secretary of the Navy. 

4. Letter of Commodore George £. Belknap, Superintendent of the Naval Observatory^ 

transmitting inlurBuition in regard to the meteorology and healthfulness of 
Benguela, South Africa. 

5. Extract of letter from Commodore Belknap, transmitting correspondence relating 

to the title of the Observatory. 

6. Correspondence transmitted, viz : A. Extract from a letter of Lieut. M. F. Maury, 

Superintent of the Observatory, to Commodore Charles Morris, Chief of Bureau 
of Ordnance and Hydrography. B. Letter of the Hon. J. C. Dobbin, Secretary 
of the Navy, to Commodore Morris. 

7. Letter of Commodore Belknap on the disadvantages of the present site of the 

Observatory. 

8. Document referred to in the foregoing. 

9. Letter of chairman of committee to Commodore Belknap. 

10. Reply of Commodore Belknap to the foregoing. 

11. Eztraets from letters of Prof. E. S. Holden, late director of the Washburn Observa- 

tory, Madison, Wis., and now president of the University of California, and di- 
rector of the Lick Observatory. 

12. Letter of chairman of committee to Prof. S. Newcomb. 

13. Beply of Professor Newcomb. 

14. Comment of Commodore Belknap on Professor Newcomb's reply. 

15. Letter of Dr. F. M. Gunnell. 

16. Letter of Dr. James E. Morgan. 

17. Letter of Dr. J. S. Billings. 

18. Letter of Dr. D. R. Hagner. 

19. Letter of Dr. William Lee. 

20. Letter of Dr. T.J. Turner. 



Ko. 1. — From the Hon, Secretary of the Navy to the Presideni of (he National Aoademy of 

Sciemeee, 

Navy DE?ARTtfENt, 

Washington, D. C, April 2*2^ 1385. 
Prof. O. C. Marsh, 

President of the National Aoademy of Sciences : 

Sib : I have the honor to submit, inclosed, a copy of Senate Kxecntive Documenjjf 
Ko. 78, Forty-eighth Congress, second session, containing a letter from the Secretary 
of the Navy, transmitting communications concerning the proposed change in the 
tiqie for beginning the astronomical day, as recommended by the recent Meridian 
Conference. 

I would respectfully request that the National Academy of Sciences take into con- 
•idwation the question ef adopting the proposed change in the American Ephemeris 
jMi4 Kantioal Almanae, and othet astronomical publications, and advise this D^art- 
laeat of its iriews and reeommendations on the subject. 

I have also the honor to submit Ibr your consideration and recommendation the 
itUowing qaestions > 

1. As to the advisability of asking Ceogress te make an appvepriation for the ob- 
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servation of the eclipse of the san in Angast, 1886, to be expended by the Saperintend- 

ent of the Naval Observatory under direction of the Navy Department. 

2. As to the advisability of proceeding promptly with the erection of a new Naval 

Observatory upon the site purchased in 1880. 

Very respectfully, 

W. C. WHITNEY, 

Secretary of the Navy, 



No. 2. — From ike FreHdent of ike National Academy of Sciences naming a committee of ike 
Kational Academy of Sciences to consider ike questions of tke Secretary, 

Tale College, New Haven, Conn., 

April 28, 1885. 
Dear Sib : I inclose herewith a copy of a commuoication from the Secretary of the 
Navy, requesting the National Academy of Sciences to take into consideration the 
following questions : 

(1) The proposed change in the time for beginning the astronomical day, as recom- 
mended by the recent Meridian Conference. 

(2) As to the advisability of asking Congress to make an appropriation for the 
observation of the eclipse of the sun in August, 1886. 

('S) As to the advisability of proceeding promptly with the erection of a new Naval 
Observatory upon the site parchased in 1880. 

In compliance with this request, I have appointed the following committee from the 
National Academy of Sciences : 

President F. A. P. Barnard (chairman), Columbia College, New York. 

Prof. Graham Bell, Washington, D. C. 

Prof. J. D. Dana, Yale College, New Haven, Conn. 

Prof. S. P. Langley, Observatory, Allegheny, Pa. 

Hon. Theodore Lyman, Brookllne, Mass. 

Prof. E. C. Pickering, Harvard Observatory, Cambridge, Mass. 

Prof. t. A. Young, Princeton Observatory, Princeton, N. J. 

I have sent to each member of the committee a copy of this communication from the 
Secretary of the Navy, and shall transmit later some official documents bearing upon 
the questions submitted to the Academy. 

Requesting that you will send me the report of the committee not later than the 

first of November next, 

I remain, very respectfully, 

O. C. MARSH, 

President of the National Academy of Sciences, 
President F. A. P. Barnard, 

ColumMa College, Netp York. 



No. 3,— From tke ckairman of the committee to tke konorahle the Secretary of tke Navy* 

Columbia College, 

New Torkf June 11, 1885, 
Hon. W. C. Whitney, 

Secretary of ike Navy : 
Dear Sir : The President of the National Academy of Sciences has appointed a 
committee, of which I have the honor to be chairman, to consider and report upon 
certain questions addressed by you to him in a communication of the 22d of April, 
1885, concerning which you desire an expression of opinion of the Academy^ The 
most important of these relates to the advisability of proceeding promptly with the 
erection of a new Naval Observatory upon the site purchased in 1880. 
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The ftDSwer to be given to this qoestion must very much depend apoii the f aiiction^. 
^T^hioh it is desii'ed or designed that the Observatory shall in future fulfil. Its title, 
2faval OhBtrvaioryy conveys the implication that its duties and uses are to be puroly 
practical, and such as are required for the purposes of the Navy as a branch of the 
public service. In the beginning this was doubtless strictly its character ; for it was 
originally established under the name of a Depot of Charts and Instruments, and it 
•continued to be known by this title for several years. Since the erection of the pres- 
ent Observatory, however, the scope of its operations has been much enlarged, and its 
usefulness has consisted quite as much in its contributions to the advancement of 
astronomical science as in its practical services to the Navy, and, indeed, in the view 
of the Academy, much more. Congress seems even to bave made a distinct recogni- 
tion of the propriety of its application to prouiote scientific discovery, by appropria- 
tions for the purpose, and especially by the appropriation for the construction of the 
great 26-inch telescope. 

If the operations of the Observatory are to be conducted hereafter to any consider- 
able extent, avowedly for the advancement of science no less than for the uses of the 
Navy, the question as the expediency of proceeding with the erection of a new build- 
ing upon the site purchased in 1880 is greatly simplified, and, in fact, that admission 
is sufficient to decide it ; but the same admission raises at once another question 
which, without having been directly submitted to the Academy, is necessarily in- 
volved in that which is actually presented. This question is that of the organization 
of the working astronomical corps, and the direction of the operations of the Observ- 
atory. 

As a branch of the naval service, the Observatory has always heretofore been under 
the direction of a line officer of the Navy. Considered as an institution created wholly 
or partially for the service of science, it is obvious enough that it should be directed 
by a head selected with especial reference to his proficiency in the science it is in- 
tended to promote. It has happened in the past that the Department has been able 
to find in the naval service men of such character as astronomers as fairly to fit them 
for this important post. A man more competent than Captain Gilliss, for example, 
could hardly be found, either in the naval service or among civilians. Captaia Maury, 
Capt. C. H. Davis, afterward admiral, Capt. John Rodgers, also afterward admiral, 
were gentlemen admirably qualified for the same trust; but the naval service does 
not, as a rule, furnish opportunity to officers to become experts in practical astronomy, 
and its active duties will generally interfere a good deal in the study of astronomical 
theory. If, therefore, at any time the service should not be able to furnish a man 
whose qualifications to act as director of the Observatory should be fully recognized 
in the scientific world, it is desirable that the Department should be at liberty to place 
in that responsible post a properly qualified civilian. 

It seems to be important, therefore, if Congress should be asked to make appropria- 
tions lor the erection of a new Observatory on the site selected in 1880, that snch leg- 
islation should at the same time be sought as should leave the Department fr^e to 
choose a director either from the naval service or from civil life, as the Secretary 
should think best for the public interest. The committee of the Academy could only 
think of recommending further expenditure by the Government on behalf of the Ob- 
servatory on the condition that such provision in regard to future direction should 
be made part of the law ; but supposing that provision secured, there can be no doubt 
that the committee and the entire Academy will, with one voice, advise the erection 
of the proposed new building. In the absence of such a provision, I thinly they would 
prefer to be excused from offering any advice. 

Now, my reason and my apology for addressing to you this communication is, that 
the committee is likely to desire, before making theirreport, to be ascertained that their 
recommendation, whatever it may be, shall not be such as to affect the susceptibili- 
ties of the officers of the naval service. The Observatory is now by law a branch of 
the service, and it may be that such officers as are possibly in the line of advance- 
ment to the position of director may regard it as a grievance if legislation should be 
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atked for which shoald Temove the possibility of snch promotion. In conTeisation 
with some officers in the serrioe, I have fonnd that this feeling does not exist, and I 
hope it may not be entertained by any. I have thought that yon might be able to 
give me such information upon this point as to remove the embarrassment of the com- 
mittee. I therefore respectfully solicit an expression of yonr opinion upon the snbject 
as early as may be convenient. 

It has been suggested that, in case the new Observatory should be built, the old one 
might be continued also in operation; and that a distribution of duties might be 
made which should give the old building entirely up to the Navy with a naval officer 
for director, while the new one might be confined to work strictly in behalf of science. 
I should be happy to be informed what view you would be disposed to take of such a 
proposition. 

I am, sir, very respectfully, your obedient servant, 

F^ A. P. BARNARD, 
PteHdeni Columbia CollBge, 
Chairman of iiommUtee. 



No. 4. — Fhnn Commodore George M, Belknap, Superintendent of the Obaervatorgf to the 

chairman of the committee. 

United StaIvs Naval Observatort, 

Waehington, October % 1885. 

Sir: I have the honor to inclose herewith, for the information of the committee 

of the National Academy of which you are chairman, some data concerning the anr- 

roundings of Benguela, Africa, on the line of totality of the eclipse of August 29^ 

1886. 

Very respectfully, 

GEO. E. BELKNAP, 

Commodore, U, S, N,, Superintendent, 
Prof. F. A. P. Barxard, 

President of Columbia College, New York. 

[Xnolosnre in the foreii^oiiig.] 

Extract from a report, relative to the healthfulness and meteorological conditions of Ben^ 
guela^ Africa, on the line of totality of eclipse of August 29, 1886, mctde by Lieut. C. C 
Comwell, U. S. K., to the Superintendent of the Naval Observatory. 



'^From the meteorological observatory at Lisbon I learned that there were no 
meteorological repo.rts received from Benguela, but that those from Loando were be- 
lieved to apply equally well to the former place. The foggy season extends from 
May till the end of August, and this is the best and most healthy time of the year for 
Eui;opeans. August is the last month of the fogs at Loando, but probably the season 
lasts somewhat longer at Benguela. 

'^During the season, the fog is thick in the morning, especially at sunrise; It clears 
away about noon, and 3 p. m. is the most favorable time for observations. The fol- 
lowing table gives the number of days during the month of August for six years, and 
at the times indicated, that the sky was either clear, slightly cloudy, or not more 
than three- fourths covered : 



Year. 



1879 
1880 
1881 
1882 
188^ 
1864 



Oa.in. 



Noon. 



6 


6 


5 





5 





12 


17 


2 


5 


t 


U 



3 p.m. 



15 
9 

15 

21 
« 

19 



Mean temperature 
in August dnring 
the«e years. 



19.3 oentigtades. 
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<<Tbe |«i»t»b4nty of gfUbA wfmkhet ^t 3 p. m., the time of tlie eclipse, U as 18 to 13 ; 

"^nt it is to be rraneBbereA that the conditions at the end of 1%b monlAi are mach more 

YaTorable. There are several places Id the vicinity of Benguela where an observing 

station might bb established. M&uht Sombrero (St. Philip's Bonnet) is a headland on 

"the coast abont six miles from Bengnela, and 150 meters in height. There is a 0rac- 

ticable toad to this point, constracted for the use of keepers of the light-house which 

Ib situated about' half way up the hill. Cutumbella is a village situated on the right 

bank of the river 6? the same name, and is a place of some importance, having a fort- 

lees and being a place of resort and safety. It is abont 10 miles to the northward of 

Beugaela. 

** On the left bank of the river is a hill, with a house at its summit, which waa 
formerly the residence of the military commander of the post. This would seem to be 
a good place to establish a station, as it is easily accessible from Benguela, being con- 
nected with it by a good road. • 

''Loldio Bay is about 10 miles north of Catumbella, Aid is an excellent sea-port,, 
bat therb is no easy method of reaching it except by sea. There are no houses here,, 
and there is some difference of opinion as to there being any fre^ water in the Imme- 
diate vicinity. The neck of land fo)rming the bay would seem to be a favorable place 
for establishing a station, providing the party were independent of the surrouuding^ 
country for its food and water supply. 

*' Mount Agulkas, which is known in Portugal as Sierra dae Bamhas, being really a 
chain of mountains, is about six miles south of Benguela, on the road to the vlilago 
of Dombe. It is a sterile spot, with no water in the vicinity, which can be secured 
no nearw than Ouipupa, and it is here of a chalybeate nature. * • * 

** In conversation with Captain Crispo, of the Portuguese navy, who was for a 
nnmber of years the governor of Massamedas, I gathered that it would be perfectly 
safe for a party to spend the month of August on the coast without danger to healthy 
and that there was nothing to fear ttom wild beasts.'' 



No. 5. — From Commodore Belknap to chairman of the committee. 

United States Naval ObsIjkvatory, 

Washington, November 6, 1885. 
*« * * With regard to the nomenclature of the institution, I beg to send for your 
information a copy of a letter from the Department to the Superintendent during tho 
administration of Mr. Pierce. Also extract from a letter written by Lieutenant 
Haury to Commodore Morris in It^, concerning the same matter. 
Respectfully and sincerely yours, 

GEO. E. BELKNAP. 
President F. A. P. Barnard. 



ISfo. 6 (A). — Extract from a letter dated December 8, 1854, from Lieut, M, F, Maury, Su^ 
. perintendent of the Observatory, to Commodore Charles Morris, Chief of Bureau of Ord- 
nance and Hydrography. 



The Observatory was christened '* National " by Mr. Bancroft in a letter of March 
6, 1846^ relating to the labors to be undertaken at the National Observatory. Its ob- 
servations (first volume) were published under that title by his authority and not by 
that of the Buteau. 

B^ectfully, &c., 

M. F. :MAURY. 
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No. 6 (B). — From the honorable, the Secretary of ihe Navy, in 1854, to Commodore Charlee 
Morrie, Chirfofihe Bureau of Ordnance and Hydrography, 

Navy Depabtmbnt, December 12, 1854. 
Sir: In reply to your letter of the 1 1th iDstant asking some official decision upon 
the name by which the establishment now under the immediate saperintendence of 
Xiieut. M. F. Manry shall be designated, my opinion is that it should be styled '* The 
U. S. Naval Observatory and Hydrographical Office." It has always been under the 
-control of the Navy Department ; it is conducted by Navy officers, both in its super- 
intending and somewhat subordinate duties. It is a Navy affair, and its reputation 
is the property of the Navy. If it assume another name and character, the next step 
will be to place a civilian at its head. 

I am decidedly of opinion it should retain its present character and connection with 
the Navy. , 

Very respectfully, yonr obedient servant, 

J. C. DOBBIN. 
Commodore Chas. Morris, 

Chief of Bureau of Ordnance and Hydrography. 



No. 7. 



United States Naval Observatory, 

Washington, October 26, 1885. 
Dr. F. A. P. Barnard, 

Preeident of Columbia College, New York : 

Dear Sir : In response to your letter of the 7th instant, concerning the erection of 
the new Naval Observatory, I have the honor to inclose herewith a copy of a public 
-document issued in 1877 upon this subject. The reasons assigned in this pamphlet 
for the necessity of a removal seemed so cogent that Congress in 1880 appropriated 
the money for the purchase of a site and the preparation of the plans of the build- 
ing. The next session was a short one, and nothing was done in the matter ; the sue* 
needing year Admiral Rodgers' death caused a cessation of active efforts to obtain the 
necessary appropriation. 

The reasons which existed in 1877 still exist. The filling in of the flats will not 
•obviate the trouble from malaria which affile ts those who are obliged to be on the 
premises at night, as the marshy banks on the opposite side of the river will con- 
tinue to be a fruitful source of miasma which will be borne to the Observatory by the 
prevailing winds. 

The dilapidated condition of 1877 is replaced by a still more dilapidated one in 
1885 ; the observing-rooms (except that of the transit circle) are small and ill-con- 
structed ; the dome of the great equatorial is badly warped, requiring a four-horse 
power engine to move it; the surroundings of the dome are in bad repair, and build- 
ings generally are ill-adapted for the purposes of an observatory ; the 9.6-inch equa- 
torial room is in direct communication with the main building, and the currents of 
lieated air which rise therefrom greatly interfere with the efficiency of the instru- 
ment. Then, too, the offices are inadequately heated, the apparatus for that purpose 
being of an old style and of insufficient capacity to answer the demands upon it. 
The library (which is becoming larger and more valuable with each succeeding year) 
is not properly accommodated, and there is no suitable place for the storage of the 
records. The efficiency of the observing force is also injured by the fact that the ob- 
servers live at a distance from their instruments, and hence much less work is done 
than would be possible at the new site, where the plans provide for quarters within 
the inclosure. 

The ** seeing" here is also very poor, owing to the great dampness, &c. ; but thirty- 
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*'ght nights of 1S84 were recorded as good^ while eighty were poor, and on the remain- 

Ag two haudred and thirty it was not clear enoagh for observing. This year abont 

^he Rame proportion of good nights has been noted. The ver^' good nights of a year 

<^iild be connted with a single digit. It is believed that the seeing at the new site is 

mtich better. 

The situation of the present bnildings with reference to the snrronnding neighbor- 
hood is by no means what it ought to be as regards inolation. The inclosed extract 
from the report of a board of experts (composed of President Barnard and Professors 
Rowland and Hastings) shows how great stress should be laid upon this point. 

I am of opinion that the best iuterests of the scientific side of the institution will 
be decidedly subserved by its removal to the new site. The plans are all prepared, 
3>nd have been submitted to the criticism of the leading Kcieutific men of the country, 
ind their suggestions have rt'ceived due consideration. That something must be done 
i8 obvious to one who visits the present site. Your attention is respectfully called 
bo tbe estimate of Admiral Rodgers for the repairof these buildings in 1877 ; but even 
^lien there would remain the malaria and the absence of the observers from the seen e 
>£ action as hindr;iuces to the full activity of the institution. 

Verv respectfully, your obedient servant, 

GEO. E. BELKNAP, 

Commodore^ U. S. N., Superintendent. 



N"o. 8. — Document referred to in the foregoing*. Extract from report made in 1881 to Hon. 
William P. Whyte^ the Hon. Leopold Morse, and Admiral John Rodgers, Commiif si oners 
appointed under act of Congress to select a site for the erection of a new Naval Observ- 
atory. 

Before proceeding to details, it may be well testate what, in the view of the under- 
signed, should be the characteristics of a spot fixed on to be the site of a working ob- 
servatory. Such a site should in the first place be located where it may command an 
Slmosphere as steadily nnobscured and as uniform in density as the general couditions 
of the climate will allow. It should, therefore, be remote from factories or clustered 
dwellings whicti by the smoke of their many fires tend to vitiate the clearness of the 
air. There should not be in the vicinity any large surfaces of earth unclothed with 
vegetation and thus exposed to be heated to excess by the direct rays of the summer's 
8un, and so to generate rising currents of unequal density which may distort the figure 
and disturb the steadiness of the images of celestial objects. For the same reasons, 
massive architectural structures in the neighborhood must be regarded as objection- 
able, even though artificial fires may not be maintained in them, and on this account 
alone, public highways, if their neighborhood were not otherwise prejudicial, should 
be kept at as great a distance as possible. 

But a still more serious objection to the vicinity of public highways is found in the 
tremors, occasioned by vehicles rolling over them, in the instruments of the observa- 
tory. This is an evil of so grave importance as to form an objection absolutely con- 
clusive against any proposed site liable to be affected by it. Persons without experi- 
mental knowledge of the subject can have no just idea of the facility with which 
tremors even from causes apparently slight, are transmitted through the earth. No 
degree of massiveiiess in a structure will exempt it from liability to such disturbance, 
for the reason that the motion is not that of the mass itself, but that of its molecules 
which are snccessivelj^ displaced. An ordinary milk cart in the streets of New York 
will often cause the chandeliers in a dwelling perceptibly to tremble. This is most 
strikingly the case in parts of the city where the pavements and the dwellings rest 
equally on an underlying rock of indefinite extent; since the rock by its elasticity 
transmits tremors more freely than loose sand or soft earth. It is for this reason that 
in the constmction of an observatory, the floors of the observing rooms are not allowed 

S. Mis. 153 5 
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to touch the piers on which the instruments rest, lest the movements of the observer 
himself should disturb his instrument. 

An astronomical observatory ought therefore, if possible, to be placed at a distance 
from all the great thoroughfares ; and though such a location diminishes facility of 
access to it, yet considering the purposes for which such establishments are created, 
there seems to be nothing objectionable in this. National Observatories have not 
been founded by Governments simply out of the generous desire to promote the ad- 
vancement of science. The motive which has prompted their erection has been far 
less disinterested than this, and is found in the eucouragemeut such institutions 
afford to c jmmerce by the security with which they surround navigation. It is prob- 
able that no appropriations from the public treasury of any commercial nation have 
ever been repaid so many thousand-fold as those which have been made for the im- 
provement of our knowledge of the positions and movementn of the heavenly bodies. 
But the benefits thus gained are only secured by long-continued, patient, and per- 
severing observation on the part of those who sacrifice themselves, to this exhaust- 
ing task. That these observers may accomplish what they aim at and what is 
expected of them, therefore, it is of the highest importance that they should not be 
needlessly interrupted in their labors ; and hence it must be accounted an advantage, 
and not an objection, to the location of an observatory, that it is so far secluded as to 
be withdrawn from the notice of the curious multitude. 

« * ' » tf n « « 

F. A. P. BARNARD, 
Fresident of Columbia College^ New York, 
HENRY A. ROWLAND, 
Professor of Physics iv the Johits Hopkiiis University. 

CHARLES S. HASTINGS, 
Assistaitt Professor of Physics in the Johns Hopkins University , Baltimore. 



No. 9. — From the chairman of the committee to the Superintendent of the Naval Obsei'vatory. 

Columbia College, 
New Yorkj November 9, 1885. 
Dear Sir : Will you kindly give me information on the following points: 

(1) What are the services rendered by the Observatory to the Navy which justify 
the title Naval Observatory ? I do not mean here services to itam^afion, because these 
are beneficial to the commercial no less than to the naval marine. 

(2) To what extent does the Superintendent direct the work of the observers ? 

(3) Is the kind of work done by each professor prescribed to him, or does he select 
his own kind of work T 

(4) Are the professors required to rtport periodically, or at all, to the Superintend- 
ent? 

(5) How are the observers held to the faithful discharge of their duties? 

(6) By whom are the successive volumes of observations, published by the Observa- 
tory, edited f 

(7) What amount of their time, i. e., how many nights per week, are the observers 
required to be on duty ? 

(8) Is this allotment of time prescribed by the Superintendent, or is it determined 
by usage ? 

(9) Is any record kept of the attendance or failure to attend of the observers on th^ 
nights when they are due? 

By answering these questions you will confer upon me a material favor. 

Sincerely yours, 

F. A. P. BARNARD, 

Chairman. 
Commodore George £. Belknap, 

Superintendent of the Naval Observatory. 
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f 
No. 10. — Beply of the Superintendeft to the- foregoing. 

United States Naval Observatory, 

Washington, November 10, 1885. 
Dear Sir: ReferriDg to your letter of the 9tb iustant, in which you ask certain 
questions concerning the internal economy of the Observatory, I have the honor to 
reply as follows : 

(1) **What are the services rendered by the Observatory to the Navy which justify 
the title Naval Observatory ? " 

This question is of a peculiar character, inasmuch as it presupposes the fact of a 
misnomer, whereas, the real state of the case is that this is the title that the institn- 
tion has borne during the whole of its existence, save for a very few years, when, 
owing to a phrase in one of Mr. Bancroft letters, it was called by a name to which it 
had no right, viz, '^National." Two volumes of the Observations (the second and 
third) were published under this caption, but all the others, each under its proper 
designation of the Naval Observatory. It is first of all a naval institution, its astro- 
nomical work being, so far as the naval service proper is concerned, of a purely second- 
ary consideration. Its officers, with the exception of three observers and one com- 
puter, are commipsioned in the Navy, and its work and reputation are the property 
of the service. Whatever has been done to advance the science of astronomy has 
been at the earnest request and urging of naval line officers, as there has always been 
A sincere desire to give all the aid possible to this side of the work; as witness the 
olstalning of the great equatorial and the new transit circle, which hav^. always been 
in. charge of professors. 

What the Observatory does for the Navy, and to do which the service must always 
^ave a place, may be seen in the following r^sum^: 

First. It rates all the chronometers that are used in the Navy, the care of which 
*'^qnires the services of two officers, while two more are occupied in keeping the error 
the standard clock with which the chronometers are compared. 
Second. It tests all chronometers that are offered for sale to the Navy. Its appll- 
ices for this work are of the very best, and the result of its competitive trials has 
^«en to advance the standard of these important instruments, upon the reliability of 
'Which so much depends. 

Third. It furnishes to naval stations and to branch hydrographic offices daily noon 
Signals, by means of which the navigators of vessels can, on the eve of leaving port, 
^^btain comparisons with the standard clock. Its appliances for this branch of the 
^ork are the best in the country, and no other institution has been able to furnish 
%noh accurate signals, nor is it likely that there will ever be a successful rival in this 
€ield. 

Fourth. It drops time-balls in several ports, by which the same facilities are af- 
:fbrded to navigators. This service is of importance to the mercantile marine also, 
Ibut it is strictly a function of the Naval Observatory, to duplicate the work of which 
ts entirely unnecessary. 

Fifth. It furnishes longitude comparisons to naval (and other) parties engaged in 
«nch work. 

Sixth. It inspects all instruments used in navigation of our vessels of war before 
"they are accepted ; and it also overhauls them before they are reissued for service. 

Seventh. It employs and trains naval line officers, familiarizing theoi with astro- 
nomical formulae and work, thus making a reserve from which to draw in case of any 
•outside astronomical work being required. 

(2) ** To what extent does the Superintendent direct the work of the observers t " 
The work to be done by each officer charged with the prosecution of a certain por- 
tion is prescribed by the Superintendent after a consultation with a board composed 
of himself, the senior professor on duty at the Observatory, and the senior line officer 
next in rank to the Superintendent. The suggestions of the Superiutendent of the 
l^autical Almanac are also not infrequently received and complied ^nitVi. 
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(3) ^* Is the kind of work doue b^' each professor prescribed to him, or does he select 
his own kind of work * " 

This qnestiou is answered above. 

(4) "Are the processors required to report periodically, or at all, to the Superintend- 
ent f" 

Each oflRcer charged with the prosecution of certain woik is required to report each 
Monday morning the w^ork that has been done by each and every person of his divis- 
ion. 

(5) *• How are the observers held to a faithful discharge of their duties ? " 
It is presupposed that those who are employed here, whether they are civilians or 

commissioned officers, are sufficiently honorable to do the duty which is required of 
them, and the report of the officer in charge^ of the division affords a check upon 
this. The Superintendents have been loath to apply strict naval discipline to the 
officers on duty here, whether of the military or civil branch ; but if such disciplinary 
methods and supervision are deemed necessary by the proper authority, they can be 
readily applied. 

(6) "By whom are tbe successive volumes of observations published by the Observ- 
atory edited T" 

Each officer whose observations are published reads his own proof, and is responsi- 
ble for the correctness thereof; the work as a whole (or rather the printing) is under 
the supervision of Professor Eastman. 

(7) ** What amount of their time, i. e., how many nights per week, are the observers 
required to be on duty f " 

There are four observers on the transit-circle, whose duty day begins every fourtl^ 
morning at 9 o'clock, extending to the same hour the following day. Observers who 
are at their posts at night are not required to be at the Observatory until after nooi3- 
of the following day. Observers on the equatorials are required to be present ever^^ 
clear night to prosecute their work ; but much is left to their discretion for th^ 
reason giveu in the answer to the fifth question. The officers on the time-servic^ 
with the transit instrument are required to take observations for the clock correct 
tion every clear evening, and in the morning when practicable. 

(8) "Is any record kept of the attendance or failure to attend of the observers oil- 
the nights when they are duet" 

No. School-boy requirements are not demanded of gray-headed gentlemen holding" 
naval commissions of rank and responsible station, and looked upon to perform th© 
duties assigned them as observers and computers in the spirit and tenor enjoined and 
described in said commissions. The personal surveillance indicated in the query is 
quite foreign to the traditions and usages of this institution and is repugnant to tbe 
ideas and methods of naval officers. 

In conclusion, your attention is especially invited to the fact that this institution 
has never been recognized by law in any way except as the **Hydrographical OfiSce," 
and later as the ** Naval Observatory." The word ** National " as applied to it occurs 
but once in the various appropriation bills, and that was when money was given for 
the purchase of the clock invented by Dr. Locke. It is the creation of the line of 
the Navy, its founder having been Gilliss. If the time has come when the purely 
scientific side of the institution has outgrown the needs of the naval service, then 
the converse is true, namely, that the Navy has no need of it, or of the scientific staff. 
If the so-called scientific men of the country think that the time has come to apply 
to Congress for money to build a National Observatory, the navy will not stand in 
their way; only it will take no responsibility for it, and will be glad to see it goto 
another Department of the Government, and to be under purely civilian control, in- 
cluding professors with civilian appointments instead of naval commissions. 
Very respectfully, your obedient servant, 

GEO. E. BELKNAP, 

Commodore, U. S. N., Superintendent' 
Dr. F. A. P. Barnard, 

President of Columbia College, JSlew York. 
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Extracts from Letters op Prof. EcS. Holden. 

No. 11. (A). — From a letter addressed to Prof, S. P. Langley^ a member of the commit' 

tee^ under date of August 10, 1885. 



I will only 8i»eak of two of the questions. First, as to the universal day. I wrote Ad- 
miral Franklin a letter, which is printed in an Executive Document, No.T'^, Forty-eighth 
CoD^^ress, second session, and which you have seen. I have read everything that has 
hwn written on this question, and I see no reason to change the views there ex- 
pressed. I ask you to read that letter, and I would now wish to add to it the expres- 
lion of my individual opinion that it is not advisahle to consider the change of day 
ADy farther at present, as it is certain that France and Germany at least will not in- 
troduce it for many years, if at all. France will not do it for national reasons. Pro- 
fessors Auwers, Foerster, Tietjen, and Krueger have pronounced against it, and prac- 
tically control the action of the Astronomische Gesellschaft, the Bei'liner Jahrbuchj and 
the Astronomische Xachrichten, 

With regard to the second question, relating to an immediate change of site of the 

United States Naval Observatory, I would say that I am not in favor of a change of 

its site now or at any time, under the present condition of the improvements to the 

harbor of Washington. The reasons adduced for a chango have always been two, and 

two only: Ist, the uuhealthiness of the site; 2d, the fogs from the river. In the 

printed report of Admiral Rodgers on this subject, my name is attached to the report 

in favor of the removal, as well as that of the other professors at the Observatory at 

'hat time. When the question was being tliscussed by us, I told Admiral Rodgers 

*iiat I wished to add to the report as printed a clause saying that if the harbor of 

W'ashington was to be improved as then proposed by Major Twining (and since partly 

Executed), I was not in favor of removal. If it were not to be so improved, I was in 

^*l»vor. Admiral Rodgers refused to add this clause, and told me I was at liberty to 

**gn the report as it stood, or to refuse to sign it. As at that time the improvements 

^Ow in progress had been once rejected b^' Congress, I signed the report, and now 

I regret that did so. 

It is my opinion that the health of the Observatory site will be made as good as that 
^f the rest of Washington by these improvements, and that the river fogs alone are 
tiot a sufficient cause for removal. 

They stop observations for the last half of the night during parts of two months of 
the year. I see no reason why the Observatory' site should not be as healthy after the 
tiver is improved as the places where I lived for eight years in Washington, viz, 2137 
t* street, 1923 H street, and 1905 F street. None of my family were ever ill from ma- 
laria, and I myself had only two or three very slight attacks. It appears to me that 
if tbat portion of the land to be added to the city by the river improvements which 
lies just south of the present Observatory reservation were to be reserved for observa- 
tory purposes (allowing cacriage-ways through these parts) the extension of the Ob- 
iervatory grounds to the south would be ample. All meridian instruments could be 
Located on the hill near the present site, and there is sufficient room to the east, and 
specially to the west. To the south any new equatorials or photographic instruments 
3ould'find ample space. I would advocate buying the land north of the Observatory 
teservation from E street to Virginia avenue. This would secure ample room for all 
extensions necessary, and, if desirable, quarters could be erected for the observers at 
this place ; the cost of this land to be met by selling the ** Barber estate," purchased 
for the Observatory site. 

The more this plau is considered the better it will seem. I know of but one class 
of observations likely to be interfered with should this plan be followed. Low cir- 
enmpolars would be unsteady at lower culmination. I do not regard this as a suffi- 
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cient objection to its adoption. We know already that reflection observations woal(^ 
not be disturbed by carriage-ways over the new land to be added at the south, nor on 
£ street. 

Should the Observatory desire to go deeply into physical researches, I would advo- 
cate a branch observatory in the Sierra Nevada or in the Rocky Mountains, although 
much may be done at Washington. 

Yon also ask me to give you my opinion as to the question of the '* future National 
Observatory in its broadest form, and specially its relations to the Government De- 
partments." Naturally this is a question upon which I have thought, and I venture 
to send you a memorandum which touches upon some of the points involved, though 
of course it leaves others almost equally important untouched. 

It is important that the reorganization of the Observatory shall be made, if it is 
made, according to a plan based on the real interests of astronomical science in the 
United States, and not on the real or apparent interests of any Department or set of 
persons. The difficulties in the case which are sought to be obviated ought to be ex- 
plicitly stated, for two reasons — 

1. That they should be plainly understood by Congress. 

2. That the basis of the recommendations may be comprehensible. 

These difficulties may be best understood by giving a brief history of the Observa- 
tory from 1845 to 18'''4, and here a brief account of the difficulties met with might be 
given.* I need not repeat this to you who are familiar with them. Amon^ other 
things, appointments of professors of mathematics have not been made in the interest 
of the Observatory. Vacancies at the Observatory have not been filled, but the newly 
appointed professors have been sent to the Naval Academy, in some cases against the 
"wishes of the Naval Acadein\\ When the law regarding examinations was iii force, 
its spirit has not been carried out, &c. 

The Observatory should be called the United States National Observatory. 

This title accurately describes its functions. 

This also was the name of the Washington Observatory from 1845 to 1848.t 

The Observatory should be made a bureau of the Interior Department, having 
direct relations with the Secretary. It is necessary that the Observatory should be 
a bureau of some one of the Government Departments for fiscal reasons. 

As radical changes are necessary, it appears that these can be carried out with more 
success if the Observatory does not remain under the Navy Department; where a 
series of precedents has been established, some of which appear to be unwise, notably 
those relating to the filling of vacancies in the corps of professors of mathematics. 

The Government Department under which the work of the Observatory naturally 
falls is the Interior. 

The head of the Department of the Interior should be the source of power at the 
Observatory. As far as possible he should be guided in his official action by the rec- 
ommendation of the Board of Visitors and of the Director. 

There should be a Board of Visitors of five members. Two of these members should 
be nominated by the National Academy of Sciences, through its home secretary, to 
the Secretary of the Interior, who should appoint the persons named. Two of the 
members should be appointed by the Secretary of the Interior. The four members 
thus selected should elect one more member. Each member of the Board of Visitors 
should hold office for five years from the date of appointment in general. 



* I refer you to the New York Nation. November 9, 188r2. 
t From 1844 to 1856 in the U. S. Statutes. 
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No. 11 (B). — From Prof, F. S, Holden to the chairman of the committee, under date 

of October 17, 1885. 



As yon ask my opinion on the various points, I shall take the liberty of speaking 
frankly and fully. 

L The Secretary has asked the opinion of the Academy " as to the expediency of 
proceeding promptly with the erection of a new Naval Observatory on the site pur- 
ebased in 1880." I am decidedly of the opinion that this change is unnecessary and 
unwise (see my letter of August 10, p. 2). I believe the land from E street to Virginia 
avenue, and between Twenty-third and Twenty-fifth streets, should be bought and 
the Barber estate sold to pay for it, and the Observatory grounds extended south to 
the river. 

As to whether your committee could properly add any suggestions as to reorganiza- 
tion : if I were a member of the committee ray voice would be for answering the 
Secretary's requisitions exactly ; and then for stating that in the view of the com- 
mittee, other matters were in fact, though perhaps not in form, so closely allied that 
it felt obliged to cover the whole ground, leaving the Secretary to use it or not, as he 
might think best. 

For example, his question is, ^* Shall the Observatory be moved?" Suppose the 
committee to favor a removal and a reorganization, it is quite conceivable that it 
might object to a removal without reorganization. 

II. I think the Secretary would transmit to Congress any report you might submit. 

III. I should, if I were a member of the committee, advocate the plan that seemed 
best from a scientific point of view, without any fear but that in the end it would pre- 
vail. In that case, the Academy would have the honor of having early proposed the 
first solution. 

IV. I do not believe that the Observatory owes its tenure of life to the impression 
that it is essential to the naval service. I have every confidence that Congress would 
snpport it liberally for its intrinsic worth. If this is not the case, then it might well 
be allowed to die. Its present condition is a discredit. But I feel sure that Congress 
will gladly support any worthy Observatory, or any worthy scientific department of 
the Government. 

The Government Observatory certainly has a function which no private (or college) 
observatory can fulfil. This function is to make, promptly reduce, and promptly 
publish observations of the principal fixed stars, of the sun, moon, and major planets. 
The fixed stars are those named fundamental (some 600), and the lists of stars used 
for zenith telescope latitudes, &c., by the Government surveys of the Coast Survey, 
Land Office, Geological Survey, &c. The moon is observed at Washington alone^ 
owing to the labor. The sun is observed (regularly) at Washington alone^ and so 
with the planets. Harvard College, Williams College, Washington, and this Ob- 
servatory alone make regular observations for star positions. 

The primary work of the Naval Observatory is and should be regular, systematic^ 
and intelligent meridian observations. These require a transit circle and three ob- 
servers, and should be promptly published by means of a corps of from six to ten 
computers. 

The work of large equatorials is of primary scientific i,mportance, but of quite 
a secondary value in the organization of a national observatory. This is at least my 
view. 

There is, however, no question but that Government observatories must do work 
which private establishments cannot undertake. It is simply a matter of income. 
Dr. Gould, in South America, had,' at a government observatory, |40,000 per year, and 
by immense efforts also did work which twenty private observatories on $4,000 a year 
could not do. 

The worst drudgery of the profession must be done at national observatories, where 
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the income is sufficient to provide compaters and observers and to divide the 
labor. » » ♦ 

Witb regard to the univerAal day, I have spoken in my letter of Angnst 10. The 
Astronomiache GeaelUchaft, ah a whole, seems to be against its present adoption. Cer- 
tainly Auwers, Kreiiger, Foerster, and Tietjen are. 

Lhave expressed my personal opinion very fully and frankly, as your letter seemed 
to demand ; and I ask yon to be sure that it is founded (with regard to the Observa- 
tory) on a reflection upon tbe cause of the ills they suffer. I do 6ot believe that any 
simple remedy, such as appointing any special civilian, will cure those ills. I believe, 
that its whole nature ought to be changed. 



No. 11 (C). — From a letter addressed to the chairman of the commUtee, under date of 

October 29, 1885. 

Tbe condition of the buildings is essentially as stated. But the facts recited show 
that a new Observatory should be built there^ not elsewhere. Tbe present site, when 
improved and enlarged as I suggest, will give ample room for observers' quarters at 
places where such quarters will not interfere (by smoke, &c.) witb observations* 
* * * I do not believe that the architect's plan of tbe projiosed Naval Observa- 
tory, as adopted by Admiral R<»dgers and the advisers (myself anioug them), would 
receive tbe nnqualitied approval of competent astronomers. It would be idle to go 
into details in this regard, but tbe best modern observatories — Potsdam, Strasburg, 
Mount Hamilton, and otbei-s — are built on different and, I tbiiik, better principles. 

Tbe Naval Observatory should be rebuilt so as to nmke it by far tbe best observa- 
tory in America or in the world. 



No. 12. — From the chairman of the committee to Prof. Simon Newcomb. 

Columbia College, 
-^>w Yotky Norember 14, 1885. 
Prof. Simon Newcomb, 

iSnperin ttn den t of the Am erican Eph emei is : 
Dear Sir : Tbe committee of tbe National Academy of Sciences, appointed to con- 
sider the question submitted to the Academy by the honorable the Secretary of the 
Navy in regard to the expediency of proceeding to erect a new Naval Observatory 
on the site purchased in 1880, desire to obtain from you replies to the following ques- 
ttons, to wit : 

(1) How long were you connected with the Naval Observatory as an observer? 

(2) During this period did you personally suffer in health from exposure to the ma- 
larious influences said to prevail on aud about the Observatory site ? 

(3) Were you aware of tbe occurrence of such suffering in health on the part of any 
of your colleagues, or among the members of the family residing in tbe Observatory 
building? 

(4) Were observations at the Observatory seriously interrupted by fogs rising from 
the Potomac River ? 

(5) Do the published volumes of observations made at the Observatory show a 
steadily continuous prosecution of the kind of work most proper for a national 
observatory, to wit, the observation of standard stars, of the planets, and of the 
moon? 

(6) Do the same observations give evidence of a consistent direction controlling 
and co-ordinating the work of the several observers to the accomplishment of the 
most satisfactory results in the advancement of astronomical science? 
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(7) Does it appear to yon probable that the work of a great asttODomical observa- 
tory can be carried on advantageonsly under the direction of a superintendent not 
himself an experienced astronomer ? 
Early replies to these questions will be gratefully received by the committee. 
Respectfully, yours, 

F. A. P. BARNARD, 

Chairman, 



No. 13. — Reply of Professor Newoomh to the foregoing. 

Washington, D. C, Noveniher 17, 1885. 
President F. A. P. Barnard, 

Chairman Committee National Academy of Sciences : 

Sir: I have the honor to submit the following answers to the questions propounded 

me in your communication of November 14. For perspicuity I quote each question : 

(1) ''How long were you connected with the Naval Observatory as an observer?" 
I was attached to the Observatory from 1861 until 1877. But from 1870 until 1873, 

as well as from 1875 to 1877, 1 made no regular observations. 

(2) "During this period did you personally suffer in health from exposure to the 
malarious influences said to prevail on ur about the Observatory site?" 

I cannot say that I personally suffered greatly in health from the cause alluded to. 
^ had occasional malarial attacks, but thev were no worse than before mv connection 
'^ith the Observatory. 

(3) '^Were you aware of the occurrence of such suffering in health on the part of 
^ny of your colleagues, or among the members of the family residing in the Observa- 
tory building?" 

Nearly all my colleagues suffered so much from malaria that I could not doubt that 
tbey were exposed to noxious influences. But I was never able to decide to my own 
^titire satisfaction how far these things were due to the site itself, and how far to the 
defective condition of the building and its surroundings. 

(4) *'Were observations at the Observatory seriously interrupted by fogs rising 
from the Potomac River?" 

Daring the spring and autumn, the Observatory was frequently enveloped in fogs, 
^specially after midnight. But I never had any accurate data for deciding whether 
these fogs were merely local or whether they enveloped the whole district. A de- 
cision of this question would require simultaneous observations from some point out- 
aide of the city, and these, so far as I am aware, were never made. There is no doubt 
that the city around the Observatory was frequently enveloped in vapor when the 
heights north of it were free. At the same time, I sometimes noticed that the Obser- 
vatory Hill was free from vapor while the region around it was enveloped. 

(5) " Do the published volumes of observations made at the Observatory show a 
steadily continuous prosecution of the kind of work most proper for a national ob- 
servatory, to wit, the observations of standard stars, of the planets, and of the 
moon ? " 

The published volumes do not seem to me to show a steadily continuous prosecu- 
tion of work. Reviewing these volumes, and considering first the observations of 
the sun, moon, and planets with the meridian instruments, we find that a valuable 
series of such observations was commenced in the year 1846. After a couple of 
years, however, they began gradually to fall off without any apparent reason, and 
after lt48 became so few and sporadic as to be entirely devoid of value. This state 
of things continued until September, 1861, when there was a sudden revival of activ- 
ity in this direction. This continued until 1870, when the number gradually fell off 
to perhaps oiie-half that of 1866. This state of things continued until 1881, the date 
of the last published volume of observations. 

During the years 1865-78, the late Professor Yamall prepared a valuable catalogue 
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of stars from observations with the older instraments of the Observatory. With this 
exception, the observations of the fixed stars show the same want of continuity as in 
the case of the planets. 

(6) " Do the same observations give evidence of a consistent direction controlling 
and co-ordinating the work of the several observers to the accomplishment of the 
most satisfactory results for the advancement of astronomical science ? " 

So far as the observations give evidence, no such control or co-ordination has ever 
existed except in one or two exceptional cases. Out of the numerous instances to 
illustrate this, I may select one or two. 

Since 1875, it would seem that no attempt has been made to determine the right as- 
cension of the standard stars of the Ephemeris. The reason for this I do not officially 
know, but it seems that the clock used for the transit-circle observations has been 
running too badly to admit of such determinations. The natural inference would 
seem to be that there is no authority whose business it is to see that the officer in 
chslrge of the instrument is supplied with a clock of the first class. 

Previous to 1865, a complete determination of the position of a star or planet re- 
quired the useof two instruments — the transit, for determining its right ascension, and 
the mural circle, for determining its declination. Heiice in order to make any com- 
plete determination of the position, the observers with these instruments should se- 
lect the same stars or planets. But the observations show that no such concert ever 
existed. On some days, observations were made with one instrument, and on other 
days, with the other. Sometimes during a whole year, planets which were observed 
with the one instrument were wholly neglected with the other. Only in exceptional 
cases was the same star observed with both instruments during any one year. 

(7) " Does it appear to you probable that the work of a great astronomical observa- 
tory can be carried on advantageously under the direction of a superintendent not 

himself an experienced astronomer? " 

This depends upon the nature and objects of the establishment. If its working 
force consisted wholly of eminent astronomers, each of whom was expected to do his 
own work in his own way, without guidance or direction from any superior authority, 
then the superintendent would not need to be an astronmer. 

But I do not consider that such work is that most appropriate to a national ob- 
servatory. The latter should principally occupy itself with work requiring the long- 
continued co-operation of a body of observers working on a well-prepared plan. To 
suppose that such a body could and would devise and execute such a plan without a 
managing head thoroughly skilled in the work seems to me contrary to all the busi- 
ness experience of the world in organization. It would, in fact, be like supposing 
that a body of highly skilled ship-builders could and would build a successful ship 
without plans and without other direction than that of a controller of expenditure. 
Very respectfully, your obedient servant, 

SIMON NEWCOMB. 



No. 14. — Remarks of the Superintendent of the Naval Observatory on Professor New- 

comVs letter. 

So far as regards the personal experience or opinion of Professor Newcomb as to 
the existence of effects of malaria, comment is unnecessary, as President Barnard has 
before him a mass of evidence upon this point. 

Attention is drawn to the fact that the Observatory is navalj and not national, ex- 
cept in so far as the Navy itself is a national organization, it having been created by 
Congress many years ago as a part of the naval establishment, at the solicitation of 
naval ofiBcers. Its first duties are naval, and not astronomical, except as the latter bear 
directly upon the former. It began its existence with a plan of work which was 
good in itself, as Professor Newcomb states, but which it was impossible to carry 
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out for varioQS reasons, the chief one being the great difSculty in obtaining observers, 
the corps of professors in the Navy not being able to furnish them in sufficient num- 
W. In addition, it may be considered as an ideal state of things where two men of 
equal age and upon an equal footing (with no military ideas of subordination) can 
engage in work upon two instruments, with but one clock and one chronograph be- • 
tween them, and have everything go smoothly and without jealousy. The abandon- 
ment of the too ambitions programme first laid down was a matter of necessity which 
it is probable no one regretted more than the Superintendent. 

In 1866, the first year of its use, a great eft^ort was made to obtain as many ob- 
servations as possible with the transit circle. The number of observations of the 
sun, moon, and planets grew less from year to year, until in 1869 and *70 they fell be- 
low the average of the later years. Professor New comb was in charge of the transit 
circle from 1''66 to 1870 most of the time, and, it is understood, claimed to have been 
made sick by his close attention to observing. While Professor Newcomb may not 
have been officiaUy informed of the reason for omitting the determination of correc- 
tions to the places of standard stars, he has been told why the work was discortin- 
ued, and the performance of the clock was not the principal reason. The change 
was made by the officer in charge of the transit circle, with the approval of the Su- 
perintendent, and after consultation with other astronomers, because with four ob- 
servers, with personal equations varying with circumstances, and with the large and 
constantly increasing list of miscellaneous stars whose places were needed, it was 
considered impossible to obtain satisfactory results. 

So far asthesuperiutendency is concerned, the comparison made by Prof essor New- 
comb between astronomers and ship-builders is illogical. ''Skilled ship-builders ''^ 
could make aud carry out ])lans — and astronomers could do the same. 

The managing head of the Navj* Department is a civilian. The Department, in its 
various ramifications and wide scope of operations, demands as much intelligence, 
experience, and knowledge in special lines for its successful administration as is or 
can be required in astronomical research of whatever character. 

The Secretary himself is not a naval expert, but through the knowledge and expe- 
rience of njival officers, he not only manages aud controls all the work and operations- 
of the Department, but advises the President in other matters of general import in 
the conduct of the General Government. 

He is at this moment not only building new ships, but getting up plans for others 
to be built in the near future; and for such purposes has to depend upon naval and 
civilian designers and experts to furnish the plans and data to enable him to do the 
"Work intelligently. 

A like relation may be said to exist^ between the Superintendent aud the different 
officers — naval and civilian — in their varied duties in carrying on the work of the 
Observatory; and the work of the Superintendent is largely administrative, as well 
as directive. 

It is also submitted that personal equation cannot be eliminated from the personnel 
of any organization, and thus there is no good reason for believing that a civilian 
director could manage the affairs of the institution to any better advantage or in any 
more harmonious degree than now obtains here. 



No. 15. — From Dr. F. M. Gunnell, Surgeoh- General, U. S. N., to the chairman ofihecom^ 

mittee. 

Navy Department, 

Washington y November 20, 1885. 
Dr. F. A. P. Barnard, 

President Columbia College: 
Dear Sir : I have to acknowledge the receipt of your note of the 18th, with inquiry 
concerning the effect of the filling in of the Potomac flats upon the healthfulness of the» 
site of the Naval Observatory. 



76 EEPOET OF THE NATIONAL ACADEMY OF SCIENCES. 

I do not think there is any doubt that the filling in of the north bank of the river 
*will be of immediate advantage to the Observatory, situated just above it. 

This filling, however, has not yet been extended to the south bank of the Potomac ; 
4bnd for a distance of two miles along that shore in a line southwest from the Obser- 
-^atory, in the direction of the summer wiuds, there are marshes exposed at low water, 
which must •outinue to have some influence on the health of those engaged in mak- 
ing observations at night. 

Respectfully, yours, 

F. M. GUNNELL. 



No. 16. — From Dr. James E. Morgan to the chairman of the committee. 

Washington, D. C, November 21, 1885. 
Prof. F. A. P. Barnard, / 

President Columbia College : 

Dear Sir: An answer to your letter of the 18th instant, soliciting my opinion ** as 
i,o the possible effect of filling in theJPotomac flats upon the healthfuluess of the site 
of the National Observatory" has been delayed by my absence from the city. There 
■can be no doubt that the filling of the flats and other improvements to the harbor of 
Washington now in progress will greatly aid in ridding the vicinity of the Observa- 
tory of malaria, and may remove it entirely. It has been stated by positive author- 
ity that malaria cannot cross a body of water of any considerable breadth. The Po- 
tomac River in front of the Observatory is probably over half a mile wide, and should 
therefore act as a barrier to the malaria from the Virginia shore, provided the before- 
mentioned statement is true. Now,,if the flats on the Washington side are filled, and 
the lowlanils in the vicinity of the Observatory drained and filled up, it would seem 
that all cause of malaria would be removed. 

In connection with this subject I should mention the fact that the city of Washing- 
ton during the past summer has been almost entirely exempt from malarial disease. 
Whether this exemption is due to the partial filling of the flats or to other causes I 
Am unable to state. 

Very respectfully, yours, 

JAMES E. MORGAN, M, D. 



No. 17. — From Dr. J. S. BillingSy Assistant Surg eon- General ^ TJ. S. A.y to the chairman of 

ike committee. 

Washington, D. C, November 18, 1885. 

Dear Doctor Barnard : In accordance with your request, I have investigated 
the matter of the sanitary prospects of the present Naval Observatory. I have con- 
sulted with the engineer in charge of the improvements in the vicinity with regard 
to what is proposed to be done. I have examined personally the locality of the works 
actually in progress, and have investigated, so far as available data would permit, the 
relative prevalence of malarial disease on 'the Observatory grounds and in the vicin- 
ity as compared with the rest of the city. As the result of this investigation, I am of 
the opinion — 

(1) That the malarial influences acting at the Observatory are about the same that 
they have been for the last ten years, and that they are much stronger there than in 
other parts of the city. Those who actually do the work of observing, and are at 
the Observatory nights, and the attendants and watchmen about the place, suffer 
more or less from the malarial influence. Those who have been there a long time 
have become, as it were, acclimated, and are less affected than new-comers ; but dur- 
ing the months of August, September, and October, it is a matter of ordinary pru- 
dence to keep away from the Observatory during the night time. 
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(2) The work of filling and dredging, which ha-s been going on in this vicinity, 
does not appear to have had any decided inflaence as yet npon the healthfulness of 
the place. The filled flats lying to the south and east of the Observatory present at 
present most favorable conditions for malarial poisoning, and, unless they are cov- 
ered with a fresh layer of earth before next summer, it is probable they will give rise 
to macb malaria. These flats, however, have probably never been an important 
source of malarial afl*ections on the Observatory ground, owing to the direction of 
the prevailing winds during the autumn months, which is from the southwest and 
southwest by south, coming from across the extensive marshes on the opposite side 
of the river, which at this point is comparatively narrow. The contemplated scheme 
of improvements now being carried out does not include any work ou the marshes on 
the opposite side of the river, and so long as these remain I am of opinion that the 
Observatory will continue to be a decidedly unhealthy spot. 

I do not, therefore, think that the uropo-ed improvements in filling the flats will 
have any marked effect on the sanitary condition of the Observatory, except per-^ 
haps to make it a little more unhealthy than usual for the next two or three years, 
after which the conditions will probably be about what they are at present. 
Very respectfully and truly, yours, 

JOHN S. BILLINGS. 

President F. A. P. Barnard. 



No. 18. — From Dr. D. R. Hagner to th^ chairman of the committee. 

Washington, D. C, November 20j 1885. 
Dear Sir: Yours of the 18th instant has been received. In reply to your inquiry 
as " to the probable effect of filling in the Potomac flats upon the healthfulness of the 
site of the Naval Observatory,*' I suppose you refer to the present location of that 
building, and not the site of the new Observatory on the heights of Georgetown. 
Since the advancement of the work on the flats, there has already been a marked 
change in the prevalence an well as gravity, of malarial disease in that section of the 
city. From the position, however, of the present Observatory, I am inclined to think 
that unless the Virginia shores and the low grounds in front of the Arlington Ceme- 
tery and the so-called Mason's Islfiud are reclaimed, the southern, southwestern, and 
western winds will still bring the malarial poison to this part of the city. If these 
improvements were made, I am inclined to think there could be no objection to the 
present location on the score of health. As far as the present work of reclaiming the 
flats has gone, everything has been done that could be desired, and it is the earnest 
hope of all interested in the health and improvement of the National Capital that 
this noble undertaking may be rapidly pushed to completion. I would state that the 
proposed site for the new Observatory, in regard to health, is all that could be de- 
sired. 

Respectfully, yours, 

D. R. HAGNER. 



No. 19. — From Dr. William Lee to the chairman of the committee. 

Washington, D. C, November 28, 1885. 
President F. A. P. Barnard, 

Columbia College: 
Dear Sir: Your letter dated November 2lst is before me. Recognizing the im- 
portance of the question regarding the healthfulness of the site of the Naval Obser - 
vatory, and the high position of the committee which you represent, I was at first 
undecided as to whether you desired a full and detailed answer to your question or 
simply my general opinion as a practicing physician. I took steps at once with the 
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first object in view, but soon learned that Dr. Billings, of the United States Army, had 
already furnished you with information respecting the nature of the work being done 
at the Observatory site, the character of the soil, vegetation, prevailing winds, tem- 
perature, &c.; so I deem it superfluous in me to say anything on those points. 

As a practicing physician I would say that my practice for twenty years past had 
been in the neighborhood of the Observatory. Of late years, I have had comparatively 
little practice in that locality, but I was at one time physician to the poor, and in 
that position was very familiar with the locality, which was occupied almost entirely 
by negroes, and what they call "poor whites." 

The locality has always been a center for malarial diseases, and the recent turning 
up of the soil and deposit of loam in places with rank and decaying vegetation has 
increased their prevalence. This is my opinion from observation and from conversa- 
tion with my colleagues, especially the present physician to the poor, Dr. R. A. 
Neale, w ho reports his ^ases to the health officer of the District, Dr. Smith Townsend. 
That answer applies to the present influence of the tilling of the Potomac flats. 

The probable influence of the work when completed, assuming thai' the work is to 
be done thoroughly and in accordance with sanitary requirements of a suitable sub- 
soil drainage, paving, or asphalting to some extent, and the planting of trees prop- 
erly, &c., must render the Observatory site less unhealthy. This, I presume, an- 
swers your categorical question ; but I would say farther that this work once com- 
pleted, the Observatory site would still be influenced and positively so by the large 
tracts of marsh land lying on the south shore of the Potomac, from whence come pre- 
vailing winds during the malarial season, as being the first high and prominent piece 
of land to be reached by them. Moreover, much remains to be done to the east and 
in the immediate neighborhood of the Observatory site (say a couple of squares or 
less) to reclaim land and build on what now consists of large stagnant pools of water 
in a clayey soil. 

Hoping that I have answered your questions as fully as was expected of me, and 
being ready to give you any additional information you may desire, 
I remain, yours respectfully, 

WILLIAM LEE. 



No. 20. — From Dr, T, J. Turner to the chairman of the committee. 

Washington, D. C, November 27, 1885. 
President Barnard, 

Columbia College : 

Dear Sir : I have the honor to acknowledge the reception of your note of the 21st 
instant, requesting my opinion as to the probable effect of the filling in of the Poto- 
mac flats, now going on, upon the healthfulness of the site of the Naval Observatory 
on E street, in this city. 

The immediate effect of filling in the flats so as to raise the land level above the 
tidal influence in the Potomac River will depend upon the amount of vegetable or- 
ganic matter undergoing retrogressive change that may exist in the soil used to raise 
such land level above said tidal influence. With decaying vegetable matter asso- 
ciated with heat and moisture, all the factors tor the production of the class of diseases 
known as malarial are likely to occur. The iteration of the above statement has be- 
come a maxim in the etiology of such diseases, although the involution of the values 
of the three terms has not been well made out. The facts upon which this opinion is 
based are the common property of my profession, and can be found in most of the 
treatises upon malarial fever since Lancisi's time. 

I am of opinion, therefore, that the immediate effect would be an increase in the 
malarial diseases of the said locality, the more especially as the prevalent winds 
(S. W.) would carry the '* malaria " directly over the Observatory. 
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As to the remote effect of filliag up the flats, my own observations lead me to state 
tiiAt the iDflaence is in the direction of a more healthful condition. 

Time is to be considered in this, and the lesser or greater length of time necessary 
to. arrive at snch condition will depend of course upon the slowness or rapidity of 
the destmotion of the organic matter in the soil used in the filling up. I use the term 
'* deetmotion " in the sense of molecular change in the organic structures. 

Briefly, then, for I have no desire to extend this note beyond the facts and opin- 
ions that I have — 

(1) The immediate effect will, in all probability, be an increase in the malarial dis- 
eases of the locality. 

(2) The remote effect will, in like manner, be a decrease in such malarial diseases, 
and cooseqnently, a more healthy condition of the Observatory attaches. 

I have not here considered this matter from any other stand point than that pre- 
sented in yonr note. Other sanitary considerations being eliminated, much of the 
reasoning upon the facts of the origin of malarial diseases has been after the ^'poat 
hoe, ergo propter hoc^^ variety, but such as it is it has been accepted. 
I am, Professor Barnard, with great respect, very truly yours, 

T. J. TURNER, 
Mfdical Director J U. S. A. 



APPENDIX E. 



REPORT ON THE TARIFF CLASSIFICATION OF WOOL. 

[CORRESPONDENCE.] 

2!^ATioNAL Academy of Sciences, 

MVashmgton, D. C, February 4, 1886, 
SiB: I have the honor to transmit to you herewith a report on the 
tariff classification of wool, made by a committee of the National 
Academy of Sciences, in compliance with the request contained in your 
communication dated December 3, 1885. 
I return also, as requested, the sample sent with that communication. 
Very respectfully, 

O. C. MARSH, 
President National Academy of Sciences. 

The Seceetary of the Treasury. 



Treasury Department, Office of the Secretary, 

Washington^ D. C, December 3, 1885. 

Sir : A question having arisen on an appeal from the decision of the 
collector of customs at New York in regard to whether certain wool 
imported into that port has been scoured or simply washed, I transmit 
under another cover a sample of such wool, and will thank you to submit 
it to the National Academy of Sciences, for examination (microscop- 
ical or otherwise) for the purpose of enabling this Department to defi- 
nitely determine such question. 

I will thank you to inform me of the result of such examination at as 
early a day as practicable. 

If possible please cause the sample to be returned. 

Yery respectfully, 

D. MANNING, 

Secretary, 
Prof. O. C. Marsh, 

President National Academy of Sden^ces, 
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82 eepoet of the national academy of sciences. 

Yale College, 'Sbw Haven, Conn., 

December 16, 1885. 

Sir : I have the honor to acknowledge the receipt, through Professor 
Baird, of your communication of the 3d instant, submitting to the Na- 
tional Academy of Sciences the question whether certain imported 
wool, a sample of which was also received,* had been scoured or simply 
washed. 

I have placed the matter in the hands of a special committee of the 
Academy, consisting of — 

Prof. C. F. Chandler, Columbia College, New York Citj^, Chairman, 

Prof. W. H. Brewer, Yale College, New Haven, Conn. 

Prof. Henry Morton, Stevens Institute, Hoboken, N. J. 

These gentlemen will give the subject careful consideration, and 

report at an early day. 

Very respectfully, 

O. C. MARSH, 

President of the National Academy of Sciences. 

The Hon. Secret aby of the Treasury. 



New York, January 30, 1886. 
Sir: I have the honor to submit to you herewith the report of the 
committee of the Academy, appointed by you to consider the question 
in regard to the classification of wool, submitted to you by the honora- 
ble Secretary of the Treasury. 

Very respectfully, your obedient servant, 

C. F. CHANDLER, 

Chairman. 
Prof. O. C. Marsh, 

President National Academy of Sciences. 



The committee of the National Academy of Sciences has carefully 
examined and analyzed the sample of wool submitted by the honorable 
Secretary of the Treasury. The sample was marked ''Appeal 7513°*, 
official sample Donskoi wool, ex European, September 7, 1885," and with 
the name of the firm importing it. 

The physical properties and the chemical composition of this wool, 
considered in connection with the peculiar character of the wool fiber 
itself, have led the committee to decide unanimously that this wool is 
simply washed wool, and that It is not scoured wool. If there could be 
any doubt as to the character of this wool in this respect, it would be 
not as between washed and scoured wool, but between unwashed and 
washed wool. 
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lu accordauce with the suggestion that the report be full and com- 
prehensive, we submit herewith: 

L A general statement relating to wools. 

II. Examination and analyses of the samples of wool submitted, and 
of other wools procured by the committee. 

III. Analyses of wools published by others. 

IV. Investigations on the composition of the fleece of merino and 
coarse- wooled breeds of sheep, made by W. Cbludsinsky in the labora- 
tory of the Agricultural Experiment Station at New Alexandria in the 
Government of Lublin, Bussia, 1885. 

V. Conclusion as to classification. 
All which is respectfully submitted. 

C. F. CHANDLER, 

Chairman, 
WM. H. BREWER, 
HENRY MORTON, 

Committee. 



L—A GENERAL STATEMENT BE LATING TO WOOLS, 

Commercial wool is a very variable product. Its sorts and kinds 
differ in each and every physical character; hence any classification 
founded on such characters, and into which all kinds and grades will 
readily fall, must be very difficult, and in fact is practically impossible. 
Any discussion of a satisfactory classification must take into account 
the character of the differences and also their cause. 

Wool is produced by several species of animals, but inasmuch as the 
vast bulk of commercial wool is that of sheep, sheep's wool is here es- 
pecially discussed, unless otherwise stated. 

A ^^ fleece^ of sheep's wool is the whole of the coat which is taken 
from the animal at one shearing. With some breeds, this is so matted 
and coherent that it may easily be taken off in one piece ; with other 
breeds, it is very much less coherent, and is so torn in the shearing and 
handling that it comes into trade as a bundle of more or less detached 
fragments. 

Most commercial wool represents one year's growth, but in some 
countries, there are two shearings per year, particularly of those breeds 
producing carding or felting wools. When from animals less than nine 
months old, it is known in market as '* lambs' wool." 

There is also a general distinction between the wool sheared, and 
which is known as " live^^ wool, and that taken from pelts, which is 
known as ** pulled" or "dead" wool. This last represents various ages 
and lengths of growth, and usually comes into market sorted into vari- 
ous grades, depending on length of staple, fineness, purity, and other 
qualities. 

Typical wool differs somewhat from fur and hair in its mictoo^s/cs^v^ 
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structare, bat not essentially in its chemical composition or mode of 
growth. In a general way, we may say that wool is modified hair, that 
the fibers do not taper so much from base to tip, that they are more 
wavy, that they are more elastic ander a palling strain, and that the 
scales or so-called serratnres which roaghen the sarface are different in 
shape, bat each of these characters of wool passes into those of hair 
by insensible gradations, from that in the most typical wool at one end 
of the scale to the most characteristic hair at the other end. 

Most, if not indeed all, wool-prodacing animals have both hair and 
wool, and with sheep, except in the most highly improved breeds, both 
grow intermingled in the same fleece. Mach less than a century ago, 
this was considered a matter of coarse, and was trae of all the more 
important breeds, even the merino, and contemporary publications on 
both the breeding of sheep and on the working of the wool had much 
to say as to the amount of ^^jarre^ (as this coarse hair found in the 
^eece is called) in the fleece, and the best means of getting rid of it. 
Hair is produced most abundantly on the thighs and lower part of the 
neck. It has been practically eliminated by breeding from the more 
improved breeds, but in the ruder and neglected breeds, particularly 
those of Eastern Europe and Western Asia, there is a tendency of the 
wool to pass into hair, and a part of each fleece, so far as texture and 
properties are concerned, is practically hair. 

Chemically considered, wool is a nitrogenous compound, similar to 
nails and horn in actual chemical composition. It is very hygroscopic, 
absorbing some 10 to 20 per cent, of its weight of water with great 
avidity, and holding a part of this water with very great tenacity, mak- 
ing it diflBcult to thoroughly and absolutely dry it. It is also absorbative 
of grease, oil, and various other animal substances. 

Its growth is always accompanied with other secretions, which issue 
from the skin along with it and lubricate it, rendering it more or less 
"yolky'' and giving it its peculiar and characteristic odor. These se- 
cretions differ enormously in amount between the different breeds, and 
vary greatly in character. Their chemical history will be considered 
later. Here it is only sufficient to say that besides the oil which ac- 
companies all wool there is a complicated mixture of several chemical 
substances, called together '^yolk^ or gum (or sometimes ^^ Suint^^ the 
French name, German ^^ Fettschweiss,'" and " Wollsehweiss^), and which 
constitute a large percentage of the unwashed merino wool. In extreme 
cases, and with certain finewooled breeds, these secretions constitute 
upwards of 60 per cent, of the unwashed fleece, diminishing in quantity 
its the fibers become coarser and the staple longer, and as the wool 
passes from the carding to the combing varieties, reaching its minimum 
in certain coarse- wooled native breeds. This "yolk" is chemically a 
sort of natural soap, and is more or less soluble in water. In certain 
merino breeds, it is bred for, and thus its quantity has been relatively 
increased, and, when abundant, dirt and dust are more apt to cling to 
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the wool, thus diminishing still farther the percentage of actoal wool- 
fiber. 

Sheep have been domesticated and bred from the remotest antiquity, 
and the species, originally plastic, has greatly changed in character. 
In the many centuries this artificial breeding has been going on, with 
the widely different conditions of climate, soil, topography, feed and care 
under which the flocks have been bred, and the different wants they 
have been made to supply, hundreds of varieties have originated, which 
have been further differentiated and specialized by the breeder's art, 
until now these domestic breeds differ among themselves as widely and 
yield as great a variety of production as if produced by many originally 
unlike species. 

As the wool is grown for a much greater variety of uses than the car- 
cass, it has been made to vary the most, until now we have it of every 
length, from less than an inch to more than a foot, varying in the fine- 
ness of its fibers from less than 1-1800 of an inch in diameter to more 
than 1-400, or from that of very fine fur to that of coarse hair. It dif- 
fers in the evenness of its fiber, in the shape, projection, and sharpness 
of its scales or '^ serratures," and in the number of them in a given length 
of fiber. It differs in the strength of fiber, in the elasticity under a 
pulling strain, its elasticity under torsion and bending, in flexibility, 
in harshness or softness to the touch, in its felting, fulling, carding, 
combing, and spinning qualities, in the quantity and chemical character 
of the secretions which naturally lubricate it, in its color and luster, in 
its behavior towards dyes and mordants, and so on through each and 
every character wherein an organic production can vary, and particu- 
larly in those characters on which its commercial value depends. 

This is not merely a difference between the production of different 
breeds, but all of those characters which modify the commercial values 
of wools vary on the different parts of the same animal. This differ- 
ence was previously greater than now. In most of the works on sheep- 
breeding published more than thirty years ago, particularly of the fine 
wooled breeds, there are cuts by which the animal or its fleece is mapped 
out into the portion producing the different qualities. The most com- 
mon division of each fleece was into four grades, depending on length, 
on evenness of fiber, on fineness of staple, and on its elasticity. The 
differences were fully as great in coarse- wooled fleeces, but as the wool 
was used for the manufacture of less expensive fabrics, less point was 
made of this lack of uniformity of growth. And less is made now, 
partly owing to breeders producing animals with a more uniform fleece, 
partly to changes in methods of manufacture, and partly to changes in 
the fashion of prevailing fabrics. 

The conditions of climate, soil, feed, water, and topography, under 
which the flocks are kept, also affect each of these qualities of the 
wool. It has been known from remote times that the pasture and cli- 
mate affect the harshness and softness of wools to the touch, as well as 
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their laster, and it is now known that it affects also their behavior towards 
dyes. A flock which produces a certain quality of wool in one place 
will not always produce precisely the same quality when taken to an- 
other. This is of more commercial significance with the carding than 
with the combing wools, but that the quality of the wool varies with 
the locality is well enough known to manufacturers, and is conceded 
by most breeders. Moreover, pastures that vary greatly at different 
times of the year affect the wool in other ways, but chiefly in making 
the fibers of unequal fineness in different portions of their length, and 
decreasing their' strength at certain points of growth. 

Again, the health of the animal affects the quality as well as the 
quantity of the wool and its accompanying secretions, and dead wool 
has different properties from fleece wool. This is sometimes a difference 
in luster ; at others it shows itself in different behavior towards dyes 
and mordants ; at others it affects the purity of the fleece, and so on 
through its several characters. 

Manufacturers roughly range all wools into two great classes, accord- 
ing to the nature of the fabrics they enter into, the ^''felting^^ wools and 
the '^worsted^^ wools. • From the methods of treatment, the former are 
also called carding wools and the latter combing wools, and the agricult- 
ural terms for the same are fine and coarse wools, also short and long 
wools — that is, the felting wools as a class are worked by carding ; they 
are of shorter staple, and finer fiber. 

The felting quality is. dependent in part on the relative number and 
sharpness of the " serrations," and in part on the closeness of the so- 
called "spirals,'' which are in reality a certain wave-like curving of the 
fibers in the staple. The growth of this class of wools is in a measure 
correlated with the production of yolk and oil, and these ingredients 
are found in vastly larger proportion in the best carding wools than in 
any of the combing wools. The merino breed is the basis of produc- 
tion, and the finer sorts of the wool are used in broadcloths and cassi- 
meres, the grades going into numerous kinds of fabrics. The breeds 
producing these wools are grown specially for wool, and but very rarely 
indeed for mutton or other uses. 

The worsted wools as a class are coarser and longer, some of them at- 
taining great length, the fibers are smoother — that is, the " serrations" 
are relatively very much fewer and less sharp — the fibers are straighter, 
and its growth is accompanied with very much less yolk. So the wool 
is dryer, and the typical sorts are prepared by combing rather than by 
carding. This distinction, however, is less marked than the others, as 
manufacturers have devised machines by which many wools are now 
warded which were formerly combed. A vast number of breeds pro- 
duce these wools. All the mutton breeds of sheep are coarse- wooled, 
and in some localities, the wool is but a secondary product ; hence there 
is a much wider range of character in the coarse commercial wools than 
in finer felting ones. 
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Many of these longer combing wools are accompanied in the fleece 
with a shorter kind, foand nearer the skin, and having different charac- 
terSy and which, when combed out, are known in the market as noilSj 
and have their special uses in the manufactures. 

Wool coming into market just as it grew is known in this country 
as unumshed wool; in England (particularly the fine wools), as wool '' in 
the grease." 

It is the common practice with sheep growers in most countries be- 
fore shearing, to wash the sheep in running water of natural tempera- 
tare. The yolk is partly soluble in cold water (more in hot), and if 
this washing is thorough, a part also of the oil and the attached dirt is 
removed, the oil being somewhat soluble in a solution of the yolk, or 
else it and other dirt are mechanically removed with the soapy emul- 
sion. No matter how poorly this washing by the wool-grower may be 
done, or how much impurity may be left in the fleece, it is known in the 
market as washed wool. 

But most wool requires further cleaning before it is spun or felted. 
After this process, which is done by the buyer (usually by the manu- 
facturer) with soap or chemicals, and usually in hot water, it is known 
as scoured wool. 

Dead wools are sometimes washed on the pelts, at others removed 
after the pelts have been treated with some chemical which loosens the 
wool, and makes it come off easier. These, and dead wools pulled from 
the carcasses of sheep which have died by disease, are sometimes treated 
with hot water, and then come into market more nearly cleansed than if 
merely *' washed,'^ and less so than if scoured, as this term is usually 
applied by manufacturers. The treatment of dead wools by hot water 
as a sanitary measure is somewhat practiced, a peculiarly malignant dis- 
ease known as wool-sorter's disease originating in pelts or wool infected 
with anthrax. Wool so treated has some of the qualities of scoured 
wool, both chemically and mechanically, without being cleaned in the 
manufacturer's meaning of the term. 

But wool as cleansed by the manufacturers is not usually entirely free 
from oily secretions. In some processes in the manufacture, the mat'O- 
rial works better with a certain proportion of oil left in it, and thus cer- 
tain "cleansed" wools (usually the finer or felting kinds) have actually 
more of the natural secretions left in them than is found at all in cer- 
tain coarser wools, even in their raw state. So, that while washing and 
scouring and cleansing are essentially chemical processes, yet a chemical 
analysis alone will not determine whether wool has been scoured or not. 
The chemical analyses appended abundantly show this, so that in any 
commercial classification, the origin, texture, and uses must be taken 
into account. 

Thus far we have considered only those differences which depend 
chiefly on the animal itself and its feed and locality, and where the im- 
purities of the fleece are chemical, natural to the growth, and may be 
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determined by chemical methods. But there is also a great variety of 
what may be called accidental and mechanical impurities, of which 
there is a great number. Sometimes grease in some form is applied to 
the wool during its growth on the sheep, either to promote its growth 
or improve its appearance. This is often the case with fine-wooled 
sheep. Tar, paint, lampblack, and other coloring matters are used to 
mark the sheep, and this goes into the wool. Various solutions and 
washes are used to "dip" the sheep, to kill parasites, or cure the scab 
or other diseases, and so on. 

In addition to these are the accidental mechanical impurities ; dust 
sticks to the fleece, hay seed, chaff, and other bits of dried and broken 
vegetable matter adhere, or get incorporated in it, and in some coun- 
tries, burrs of various kinds get in, for the separation of which special 
machinery is devised, but all of which affect the purity and commercial 
value of wools. 

The fleece is also often, if not indeed usually, contaminated in certain 
parts by the excrements of the sheep. These, with certain other por- 
tions from the legs, are sometimes separated and sold separately as 
** tag-locks," but more often come into the trade as a part of the fleece, 
to be sorted later. 

11.— EXAMINATION AXD ANALYSIS OF THE SAMPLE OF WOOL SUB- 
MITTED, ^ 

The sample was marked " Appeal 1513^. Official sample Donskoi 
wool ; ex European. Sept. 7, 1885." [Name of firm.] 

This wool is a long, coarse, very dry, harsh wool, to which dirt does 
not readily adhere, and which even on the sheep, before it is washed at 
all, holds the smallest amounts of fat and yolk. The wool was exam- 
ined under the microscope, and all its physical properties were care- 
fully noted. It was greasy to the feel and had the strong odor of the 
sheep. 

A carefully averaged sample of 100 grammes, about 4 ounces, was 
picked over by hand, with the aid of cards, and 5.990 grammes, or 5.990 
per cent, of mechanical impurities were separated, consisting of straw, 
seeds, sand, &c. 

Two samples, A and B, as fairly averaged as possible, were submitted 
to analysis, as follows : (1) Moisture was determined by drying to con- 
stant weight at 105^ C. or 221^ F. (2) The fat, &c., was extracted 
from the dried wool by means of ether in Soxlet's extraction apparatus. 
(3) The wool freed from fat and other matters soluble in ether was 
washed with lukewarm distilled water. (4) When pure water ceased 
to remove anything from the wool, the washing was continued with a 
lukewarm solution of sodium carbonate containing one-half of one per 
cent, of carbonate. (5) The wool was then washed with water, and Anally 
with water containing a few drops of hydrochloric acid, Anally dried at 
106O C.,and weighed. 
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The resalts were as follows : 



Analysis of wool submitted by the Treasury Department. 



»t221op 

Jw^Ae., extracted by ether 

lUitor extracted by water 

Matter extracted by | per cent Aolation carb. soda. 

Xedluuiileal impuriliea 

Foxe wool fiber 



Sample A. 


Sample B. 


8.597 


&458 


1.736 


2.282 


0.926 


1.231 


2.200 


1.499 


5.990 


5.990 


80.551 


80.540 



Average. 



8.528 
2.009 
1.070 
1.849 
5.990 
80.545 



100.000 



100.000 



100.000 



Analyses of wools collected by the committee. 



Mi^tore at 2210 F 

Fat, &c., extracted by ether 

Matter extracted b v water 

Matter extracted by i per cent, soluble 

earb. soda 

Wool fiber and mechanical imparities 



1. 


2. 


3. 


4. 


5. 


6. 


7.24 
5.97 
0.90 


7.78 
3.49 
2.00 


• • * • • * • • 

2.33 
4.09 


6.63 

16.36 

2.99 


6.38 

13.27 

2.86 


6.83 

10.04 

1.35 


1.42 
84.47 


1.50 
85.23 


"slot" 


0.59 
73.43 


1.52 
75.97 


2.02 
79.76 


100.00 


100.00 




100.00 


100.00 


100.00 



6.96 
6.66 
2.22 

0.84 
83.32 



100.00 



Nos. 1, 2, and 3 were obtained from the Agricaltaral Department at 
Washington, through the kindness of Mr. Clifford Bichardson. They 
were labelled as follows: 

No. 1. Wool for flannel J scoared; Ware, Mass. 

No. 2. Foreign washed Donskoi, Lowell, Mass. 

No. 3. Foreign washed Donskoi, rewashed at mill, Lowell, Mass. 

Nos. 4, 5, 6, and 7 were obtained from Mr. P. S. Connor, superintend- 
ent of the palling establishment of D. Harrington & Co., on First ave- 
nue, in New York. They are wools which were washed on the pelt, in 
cold sea water, pumped from the East Eiver. The washing is very 
quickly accomplished, the coarse pelts are simply dipped into an over- 
flowing vat of water, into which a 2-inch stream constantly runs. One 
man washes 800 in a day. The flner pelts are washed on a machine in 
the same water. 

The samples were marked : 

No. 4. B super wool, washed. 

No. 5. Fine combing wool, washed. 

No. 6. De Laine wool, washed. 

No. 7. Begular combing wool, washed. 

Samples 2 and 3 were of very much the same quality as the wool sub- 
mitted to the committee ; all the other samples examined were of an 
entirely different character. 

After analyzing these samples of wool, comparing the wools with each 
other, and studying the different portions of the same sample, the com- 
mittee became convinced: (1) That analytical results obtained from 
wools of different grades are of no value in determining whether wool 
has been washed or scoured. (2) That analytical results obtained from 
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samples of wool of the same grade cannot be made to furnish an abso- 
lute percentage basis for determining this question, because it is im- 
possible to select a fair average sample for analysis, only 5 grams or 
76 grains being used with advantage in each case, and because '^ wash- 
ing " differs in degree, and may be more or less thorough, according as 
it is performed on the sheep, on the pelt, in running water, in tubs, in 
warm, or in cold water. 

The conclusions reached with regard to this sample are based on its 
physical properties, and its chemical and mechanical composition by 
bringing it into comparison with wool of the same grade from the same 
locality, in its natural state and after it had been washed, information 
for these comparisons being derived from the observ^ations of the com- 
mittee on the samples procured and upon the published results of other 
investigators, some of which are presented in this report. 



IIL— ANALYSES OF WOOLS PUBLISHED BY OTHERS, 
COMPOSITION OF YOLK OR SUINT. 

Ohevreul gives the following list of substances which he found iu 
suint, in a paper read before the Academy of Sciences on May 4, 1857. 
[Comptes rendus, XLIV, 887.] The 30th constituent was announced in 
a paper read May 7, 1866. [Comptes rendus, LXII, 1015.] 



1. Water, 

2. Ammonia; 

3. Carbonic acid, 

4. Aroma of the sheep, 

5. Aroma y, 

6. Phocenio acid (valeric), 

7. Volatile acid x, 

8. Stearine, 

9. Elairine, 

10. A crystal] izable fatty body, 

11. Potassic stearate, 

12. Potassic elairate, 

13. Potassic phocenate (valerate), 

14. Potassic salt of the volatile acid x, 

15. Potassic salt of a colorless crystalliza- 

ble acid, 



16. Potassic salt of au orange uncrystal- 

lizable acid, 

17. Potassic salt of a sulpho-azotized acid, 

18. An insoluble sulpho-azotized acid, 

19. Potassic carbonate, 

20. Potassic sulphate, 

21. Potassic silicate, 

22. Potassic chloride, 

23. Calcic oxalate, 

24. Calcic phosphate, , 

25. Ammonio-magnesic phosphate, 

26. Calcic carbonate, 

27. Ferric oxide, 

28. Manganic oxide, 

29. Cupric oxide, 

30. Elegic acid. 



Stockhardt found that the percentage of yolk differed in the wool from 
different parts of the sheep. [Ohem. Ackersmann, 1861, page 58.] His 
figures are as follows : 

Percentage of yolk in the dry wool. 



• 

Articles. 


Merino. 


* 

Southdown 
Merino. 


Sonthdown 
Frank. 


Sides 


40.1 
32.6 
39.8 
41.6 
42.4 


28.9 
17.2 
17.5 
25.8 
24.4 


12 ff 


Flanks 


10 1 


Withers 


2 


Belly 


5 


Root of tail 


13 2 




\ 
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ANALYSES OF WASHED WOOL. 
[Eisner and Gronow, aniud. d. Landwirthsoh. Woohenblatt, 1865, No. 16.] 

Combing wools. 



Leicester, from Canada 

Cordova, firom Soath America 

East Twnt*^" . . 

Donskoi winter wool 

Do 

Donskoi summer wool , 

Crimea 

ChoTsonesus 

Bessarabia winter wool 

Lfaioolnshire 




Yolk. 



18.5 
18.2 
12.8 
17.6 
10.5 
14.6 

7.1 
32.9 

2.4 
32.6 



Composition of unwashed wool according to Reich and Ulhricht. 
[Pnblished in Ann. der Landwirthsoh. in dem Preuss. St>taten Af onatsbl. 1867, vol. 49, 122.] 



I 
^ 



1 
2 
3 
4 
5 

7 
8 



Kinds of wool. 



Electoral negretti buck 

Electoral neeretti buck 

Four-year old French merino buck , 

Pure RambouiUett yearling buck 

Bambouirett and electorar Negretti yearling buck. 

Bambouillett ewe 

Lincoln merino yearling 

Pure Lincoln sheep, five year old 



Pore wool 
fiber. 



27.81 
23.39 
37.77 
31.72 
28.26 
31.33 
44.61 
55.82 



Yolk. 



72.19 
76.61 
62.23 
68.28 
71.74 
68.67 
55.39 
44.18 



Composition of the yolk. 



Moisture 

Soluble in ether 

Containing : 

Fatty acids 

Unsaponifiabie fat. 

Other substances soluble in ether . . 

Soluble in alcohol 

Containing: 

Fatty acids 

Potassa 

Potassium chloride 

Soda 

Other substances soluble in alcohol. 

Soluble in water 

Containing : 

Potassa 

Soda 

Lime 

Magnesia 

Phosphoric acid 

Sulphuric acid 

Silica 

Carbonic acid in carbonates 

Carbonic acid produced by combus- 
tion 

Total ash . 

Soluble in acid water, containing : 

Calcic carbonate 

Magnesia 

Phosphoric acid 

Dirt 

Pure wool fiber 



1. 



12.70 
22.85 

7.750 

12.257 

2.873 

7.16 

2.300 
L062 
0.524 
0.073 
3.172 
11.66 

3.307 
0.227 
0.129 
0.050 
0.072 
0.059 
0.027 



2. 



3. 



5.842 

0.594 
0.031 
0.014 
17.17 
27.81 



11.80 
28.18 

9.880 

15. 107 

3.193 

5.22 

1.400 
0.711 
0.684 
0.046 
2.374 
10.64 

2.762 
0.117 
0.056 
0.021 
0.037 
0.053 
? 



1.257" 



I 



\ 0.028 

i 0.028 

I 20.72 

; 23.39 



12.80 
23.35 

7.400 

14.601 

L348 

4.88 

L630 
0.693 
0.586 
0.033 
L930 
8.69 

2.131 
0.199 
0.116 
0.061 
0.092 

? 
0.012 



0.896 



0.065 
0.019 
12.50 
37.77 



4. 



14.55 
13.03 

I 
10. 557 

4.40 

1.460 
0.734 
0.551 
0.032 
1.627 



3.911 
0.246 
0.200 
0.065 
0.109 
0.085 
0.031 
0.107 



6.743 

0.311 
0.028 
trace 
29.22 
31.72 



15.10 
12.69 

2.094 

9.714 

0.882 

5.70 

2.156 
0.990 
0.673 
0.053 
1.823 



2.920 
0.309 
0.160 
1.090 
0.141 
0.101 
0.026 
0.099 



5.234 

0.274 
0.023 
0.004 
H2. 72 
28.26 



6. 



13.85 
20.36 

2.593 

16.530 

1.237 

7.70 

4.149 
0.756 
0.873 
0.085 
1.836 



3.642 
0.137 
0.120 
0.086 
0.064 
0.065 
0.024 
0.070 



5.566 

0.195 
0.030 
0.011 
20.96 
31.33 



7. 



16.00 
9.93 

1.550 

7.536 

0.844 

4.25 

1.565 
0.352 
1.062 
0.059 
1.178 



4.046 
0.247 
0.156 
0.100 
0.142 
0.081 
0.025 
0.117 



6.809 

0.179 
0.014 
0.008 
18.21 
44.61 



8. 



15.40 
8.85 

2.217 

5.789 

0.844 

3.51 

1.670 
0.558 
0.581 
0.029 
0.668 



2.520 
0.122 
0.080 
0.075 
0.102 
0.055 
0.022 
0.088 



4.260 

0.132 
0.019 
0.005 
12.01 
55.82 
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ANALYSES OF UNWASHED WOOL. 

[Hade by M. Maercker and £. Sohalze in the laboratory of the experimentAl station at Weende. Pab- 
lished in Erdmann's Joarnal far praktische Chemie, toL 108, p. 200, 1869.] 

In 100 parts of air-dried wool are contained — 



Ifoiatnre 

Fat (pore) 

In sacoeeaire treatment : 

Soluble in water 

Soluble in alcohol 

Soluble in dilate hydrochloric 
acid 

Soluble in alcohol and ether . . 

Pure wool fiber 

Dirt 



Country sheep. 



1. 



23.48 
7.17 

21.13 
0.35 

1.45 

0.29 

43.20 

2.93 



100. 00 



2. 



18.90 



20.73 



50.08 



3. 



16.92 



22.98 



43.50 



4. 



ia86 



21.78 



46.54 



5. 



17.45 



22.26 



42.28 



Pare blooded Rambouil- 
let. 



6. 


7. 


8. 


12.28 
14.66 


10.83 


11.62 


21.83 
0.55 


20.50 


22.49 


5.64 






0.57 






20.83 
23.64 


32 78 


29.51 








100.00 













Numbeis 1 to 5 were from ordinary country sheep, which were used for experiment on fodder, and 
were kept in closed spaces, free from dirt, and mostly without straw. Hence their fleeces were very 
ttee from dirt. 

No. 6 was a mixed sample of wool. 

No. 7 was from a Bamboaillet back. 

No. 8 was from a Rambouillet ewe. 



WOOL WITH A PITCHY YOLK. 

[6. Schulze ond J. Baibieri, J. f. Landwirthschaft, 1879, 125.] 

Authors state that the ordinary yolk or suint of sheep consists chiefly 
of cholesterin, isocholesterin, and fatty acids. But occasionally there 
is found a pitchy yolk which it is very difficult to remove by washing. 
They present an analysis of a fleece containing such a yolk. The per- 
centage of fat is two or three times larger than usual, while the per- 
centage of substances soluble in water is as much smaller. This yolk 
is also remarkable in beiug entirely free from the usual potash soaps. 

Some of the authorilies tchich have been consulted, 

1803. Vauquelin. Sar le Suint. Ann. de Chim., T. 47, 276. 

1804. Sir Joseph Banks. Report on his Majesty's Flock. Phil. Mag., xix, 190. 
1809. John Laccock. An essay on wool. London. Svo. 360 pp. 

1837. W. Yonatt. Sheep; their breeds, management, and diseases. London, Syo. 
368 pp. 

1840. Chevreul. Comptes rendns, x, April 20. 

1841. Chevreul. Erd. J. f. pr. Chem., Bd. 22, 227. 

1842. Chevreul. Comptes rendus, xiv, 783. 

1856. Chevreul. Comptes rendus, xliii, 131. 

1857. Chevreul. Comptes rendus, xliv, 887. 
1861. Stockhardt. Chem. Ackersmann, 58. 

1863. Henry S.Randall. The Practical Shepherd. 9th ed. Svo. 454 pp. Rochester. 
1863. Hermann Grothe. J. f. pr. Ch., vol. 89, p. 420. 
1865. £lsner und Gronow. Ann. d. Landwirthschaft. 

1865. Maumene et Rogelet. Bull. Soc. Chim., ix, 472. 

1866. H. Hartmann. Ann. d. Landwirthschaft. 
1866. Chevreul. Comptes rendus, Ixii, 1015. 
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867. L. Moll et £. Gayot. La connaissance g^n^rale du mouton. 8vo. 532 pp. 

Paris. 
1867. StohmanD. J. f. Landwirthschaft) 152, 191. 

1867. Reich und Ulbricbt. Anu. Landwirtliscliaft, p. 122. 

1868. 8. Hartmann. Ann. d. Landwirtbschaft, p. 260. 

1869. Maercker und Scbulze. J. f. pr. Cb., lOa, 193. 

1872. E. Scbulze. Bericbte d. deutscb. obem. Ges., v, 1075. 

1873. E. Scbulze. Bericbte d. deutscb. cbem. Ges., vi, 251. 
1873. E Scbulze. J. f. pr. Cb., vii, 173. 

1873. J. Bobm. Die Scbafzucbt. IsterTbiel. Die Wollkunde. 8vo. 469 pp. Berlin. 

1877. F. Fiscber. Dingl. J., 229, 446. 

1879. E. Scbulze und J. Barbieri. J. f. Landwirtbscbaft, 125. 

1884. W. S. B. McLaren. Spinning, woollen and worsted. 12nio. 252 pp. London. 

1885. W. Cblndsinsky. Die landwirtbscbaftlicben Versucbs-Statiouen, xxxii, 115. 

lY. —INVESTIGATIONS ON THE COMPOSITION OF THE FLEECE OF MERINO 

AND COABSE-WOOLED BREEDS OF SHEEP, 

By W. Chludsinsky, 

Docent at the Agricultural Institute of New AJexandriat Government of Luhlinj in Russia, 
[Die landwirthschaftlichen Vereuchs— Stationen, Bd. XXXII, p. 115. Berlin, 1885.1 

Wool in the fleece has quite a complicated compositioD. Besides the 
wool substance and its attendant hygroscopic moisture, which is never 
absent, the fleece of sheep contains the so-called " yolk,'' a mixture of 
the various secretions of the skin (chiefly the fat and in small quantity, 
the perspiration). In those merino sheep covered with delicate wool 
whose fleece contains the greatest amount of fat, the perspiration glands 
are the least developed; on the other hand, these glands are more fully 
developed in the rough-fleeced sheep, whose wool is not rich in fat. 
Since the yolk possesses a consistence more or less viscous, all sub- 
stances which come in contact with the wool adhere to it more or less, 
and consequently form a part of its composition. 

Thick-growing wool, with excess of yolk in its mass, retains not only 
the "scum" (dead scales of the skin), but also the earthy matter and 
food refuse which falls upon it. Finally, the ends of the fibers of the 
wool get soiled with the excrement, which, becoming more or less 
smeared over the surface of the fleece, is eventually rolled into balls or 
pellets. 

Since only the wool substance contained in the fleece has a technical 
application, it would appear at first sight that for the right appraise- 
ment of the commercial fleece, it is only important to determine its 
quantity ; but the determination of the wool substance is not sufficient 
for the estimation of the actual commercial value of the fleece. A wool 
analysis may determine in the interest of the wool producer, as well as 
that of the buyer and manufacturer, not only the percentage of wool 
substance in the fleece, but also the amount of the other ingredients. 
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What constitaents of the fleece are of interest to the grower and the 
manufacturer in order to. estimate its correct value will be evident when 
we enumerate all those operations to which the fleece is subjected be- 
fore we obtain from it the material as ultimately used by the manu- 
facturey. 

Before the fleece is shorn, it is washed by bathing the sheep in water 
of 63^ to 70O Fahr. By this washing, a portion of the yolk which is 
soluble in water at the above temperature, food refuse, pasty excre- 
ment, and earthy matter in the form of dust are removed. The sheep 
is now shorn ; from the fleece the waste is sorted out, and the fleece is 
then sold. In such a fleece, there is still an ingredient useless to the 
manufacturer, namely, the portion of animal secretions insoluble in cold 
water. 

For its removal, the manufacturer subjects the fleece to a second 
washing, in which he applies hot water, soap, alkalies, carbon disul- 
phide, &c. 

Since the producer or wool merchant sells the wool after the first 
washing, it is evident that he ought to know how much is thus washed 
out, for when he knows this loss and also knows the weight of the un- 
washed fleece of his sheep, he can easily determine how much material 
he produces for the manufacturer. Again, the manufacturer is inter- 
ested to kno,w how much insoluble fat and how much wool substance is 
in the washed fleece which he buys. 

From what has been said, we see that a fleece analysis in the interest 
of the wool producer and of the manufacturer must determine the fol- 
lowing constituents : 

Impurities (dust, food refuse, excrement) and the non-soluble part of 
the animal secretions. We designate all these substances collectively 
by the letter A; the secretions insoluble in cold water by the let- 
ter B. 

The remainder is the pure wool substance and its attendant hygro- 
scopic moisture. Finally, we obtain a complete idea of the composition 
of the fleece when we, in addition to the above-described groups A and 
B, designate the hygroscopic moisture by G and the pure wool fiber 
byD. 

If we would sell the wool according to the conventional custom as 
unwashed fleece, the determination of the above-designated constitu- 
ents would perfectly answer the object of the technical appraisement 
for the seller and for the buj'er, inasmuch as the former would know 
how much pure wool he sold in the fleece, and the latter would know 
how much he bought in a given weight of fleece. 

I will now describe in turn all those manipulations which must be ap- 
plied in wool analysis that the above-mentioned fleece ingredients may 
be determined. 

The selection of the sample. — If the percentage of impurities and fats 
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were the same Id all parts of the fleece, we could take for analysis a 
sample from any portion. However, investigation shows that different 
parts of the body prodace different amounts of secretion, as the follow- 
ing table (from Oohren, JSfaturgesetze der Futterung) shows: 

Percentage of yolk and fat in wool referred to the weight of the fleece. 




Soathdown 
Merino sheep. 



Side 40.1 I 28.9 

l&onlder-blade 32.6 17.2 

HMd 39.8 17.5 

BeUy 41.6 25.8 

Soot of the taU 42.4 24.4 



Secondly, it is known that dust and food refuse contaminate princi- 
pally the fleece of the upper part of the body, neck, head, and back ; 
but the thighs are soiled mainly by excrement. It is evident, then, that 
when we wish to obtain a sample which shall present the mean compo- 
sition of the fleece, this sample must be made up of nearly equal weights 
of samples, to be taken as follows : From the right and left sides (two), 
from the right and left hind legs (two), one from the rump, one from the 
back, and one from the belly (seven in all). These samples must be 
thoroughly mixed. Ten grams of this mixture are sufficient for a wool 
analysis. 

The sample so obtained is divided in halves. One-half will serve 
for the determination of the hygroscopic moisture. Of this we will 
speak later. The other half is for the estimation of the Groups A 
and B. 

For the determination of the Group A, the sample is weighed, the 
dust is blown and shaken out, and the wool thus freed from mechanical 
mixture is then washed. The water must be at the temperature of 63° 
to 70O Fahr., in order to imitate the washing on the sheep. In the 
laboratory, I use distilled water of the above tem'perature. Before the 
wool undergoes a washing with mechanical manipulation, it must be 
soaked about two hours in the water. The balls of excrement are there- 
by softened, without which they cannot be washed out. The more 
greasy tbe wool, the more dirty the fleece is; the more excrement there 
is on the wool, the more indispensable does such a preliminary soaking 
become. The merino wools and the tine sorts of English breeds (South- 
down and Oxfordshiredo wn) require longer soaking than others. When 
the balls are softened, the wool must be kneaded and rinsed in a vessel 
of water, the water being changed repeatedly until the wool ceases to 
discolor it. Usually, the first- wash water is very dirty, and has a turbid 
brown or chocolate color ; the succeeding wash waters become more and 
more clear. The greasier and dirtier the wool is the more water must 
be used, and the oftener must it be changed. 
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The following table gives a general idea of the results which I obtained 
by washing samples of diflferent sorts of wool : 



Breed. 



Merino — 
Soathdown 



O ® 

00 

III 

P O ^ 

}Z5 



Holatein 

American, from Baenos Ayres 

Oxfordshiredown 

Common short-tailed, coarse- wooled 
breeds — 
White, from the Badom Government 



Black, from the Canero district of 

K^ew Government. 
Black, from the Schitomir district 

of Wolyview. 
Black, from the Haysini district of 

Podolien. 



5 
6 

4 
8 
8 



4 

1 



Coloration of the wat«r. 



Red brown, intense 

Brownish, cinnamon colored, very 
intense. 

Yellowish brown 

Yellowish tarbid 

Light-red brown 



The first- wash water was faintly 
tarbid, whereas the rest were al- 
most clear. 

do 



do 
.do 



bfiS 

^5 



Orams. 

7.762 

12.704 

8.827 
5.066 
7.808 



4.120 

3.740 
4.516 
4.825 



O OB 



O.ctn. 
611. 
755. 

280. 
380. 
445. 



300. 

250. 
240. 
325. 



The sample having been washed, it is dried on bibulous paper, not in 
hot air, but at the ordinary temperature. Merino wool must be allowed 
to dry not less than six days ; that of other breeds, not less than four 
days. The drying lasts so long because it must be conducted at the 
ordinary temperature, 63° to 70° Fahr. At a higher temperature, the 
wool dries faster, but it also loses a portion of its hygroscopic moisture, 
which loss would retard the further analysis. The sample, after dry- 
ing, is blown and shaken out again, since a few particles of dirt may 
still have been retained by the fat and excrement in the unwashed wool. 
Such particles may now very easily be removed. 

The dried wool is weighed; the loss in weight is compared to the 
weight of the unwashed wool. Thus is obtained the weight of the 
Group A, and from this, the per cent, of the loss is easily calculated. 

The fat, B, which is insoluble in water, must now be determined, and 
it is removed by means of solvents which dissolve fats, as ether or car- 
bon disulphide. 

To free the wool perfectly from fat is not a difficult operation ; it how- 
ever requires care and accuracy. Without these, the operator who would 
determine fat in wool will not obtain exact results. The sample must 
be soaked in ether or carbon disulphide. Suppose the soaking has con- 
tinued long enough until all fat is dissolved, if the wool be taken out of 
the liquid, there is removed with it a certain quantity of the solvent 
with its accompanying fat. When this evaporates from the sample, it 
leaves behind its fat in the wool, and although this fat amounts to very 
little, it will, with a small sample, introduce a perceptible error. 

In order to avoid such errors. Martini and Winkler propose a special 
apparatus. (See " Das Sohaf^^ by May, Breslau, 1868, page 649.) [The 
description of this apparatus is omitted in this translation.] For sev - 
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eral reasons^ I consider their apparatas as ansatisfactory, since by its 
use too mach time and attention are required. 

In regard to the selection of a solvent, I decidedly prefer carbon disnl- 
phide to ether. The removal of the fat requires a preliminary six hours' 
'soaking, and a solvent is desirable which is not very volatile, since by 
the rapid evaporation of the solvent, the liquid surface in the vessel with 
the wool sinks, and the wool then becomes exposed. Experiments have 
convinced me that carbon disulphide possesses this property, that it is 
much less volatile than ether. This will be evident from the following 
trials : Some ether was poured into a small flask. The flask with the 
ether weighed 74.02 grams. The ether was then poured into a shallow 
dish, which it flUed. The diameter of the dish was 80 centimeters. The 
temperature of the surrounding air in the laboratory was 53° Fahr. The 
evaporation commenced at 11.40 a. m. ; all the ether was gone at 1.32 
p. m. ; therefore the evaporation lasted one hour and fifty-two minutes. 
The empty flask weighed 54.67 grams. Hence it follows that 19.36 
grams of ether evaporated in one hour and fifty- two minutes. The car- 
bon disulphide with the flask weighed 60.91 grams. It was poured at 
the same time as the ether into a dish of the same dimensions, and filled 
it almost to the brim. However, at the end of one hour and fifty-two 
minutes it had not completely evaporated. The remaining portion was 
poured back into the flask, and both weighed 51.24 grams. Hence it 
follows that in one hour and fifty-two minutes, under equal circum- 
stances, only 9.62 grams of carbon disulphide evaporated. 

Besides its lesser volatility, carbon disulphide has the advantage that 
it is much cheaper than ether, which is a desirable feature, since a wool 
analysis requires a considerable quantity of solvent. 

The incompleteness of the Martini- Winkler apparatus for the removal 
of the fat from wool induced me to construct a particular apparatus for 
the aforesaid purpose. I call it the " Eurianalysator.'' [The descrip- 
tion of this apparatus is omitted in this translation.] 

My eurianalysator works automatically without requiring constant 
attention, and it perfectly enables one (a) to filter carbon disulphide 
through wool at pleasure for a long time, (b) to know the quantity of 
carbon disulphide used, (c) to remove the last trace of grease from the 
wool, and (d) to separate the soiled carbon disulphide from the clean 
during the progress of the work. 

When all the carbon disulphide has evaporated from the wool the lat- 
ter is weighed, and the difference between this weight and that of the 
washed and dried wool is noted. This difference is the quantity B, 
which must be calculated to percentage on the weight of the unwashed 
sample. 

The hygroscopic quality of the wool which has lost the grease which 
covered the surface of the fibers in the unwashed fleece is slightly dif- 
ferent from that which is peculiar to the raw wool. This is the reason 
why it is better to take a fresh sample of the raw fleece for the deter- 
S. Mis. 153 7 
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minafion of tbe hygroscopic tnoiBtnre; for this puri>08e, we have directed 
in the begiDning of our method of aDalysia that the sample be divided 
into two halves, of which oiie shall serve for the determiaation of tbe 
hygroscopic moisture. 

This is very easily estimated. A thermometer is placed in a desic- 
cator, a gas burner raises the temperature of the desiccator to 212° 
Fahr. Tbe snmple wbich has tbas far been preserved from dampness 
and beat is weighed aod placed in tbe desiccator. Tbe weighing is re- 
peated three or four times with intervals of five or ten minutes drying 
nntil the weight is constant. Tbe calculated loss in weight espreseed 
iu percentage of the weight of the sample determines the hygroscopic 
moisture. 

Tbe following table shows the resalts of wool analyses which I and 
my students have obtained. All my own results are designated by as- 
terisks. The pure wool substance in tbe last column of tbe table was 
determined by difl^reuce. 

The statements of these tables justify ns in arriving at the following 
oonclasioDS in regard to tbe composition of tbe fleece : 

(a) The hygroscopic quality is almost as great in the non-merino 
wools as in the merino fleece. 

{b) Id the fleece of tbe non-merino wools, the quantity of pure wool 
substance is graster than in tbe merino wools, which are rich in insolu- 
ble animal secretions. 

(c) The least amount of wool snbetuice in tbe fleece of non-merino 
breeds is in that of the Southdown she^, and it Is occasioned by tbe 
greater content of substancea of the Oroup A. 

(d) The largest amonnt of the pure wool flber is contained in the 
fleece of the common short-tailed coarse-wooled breeds, and this is be- 
cause it contains so little of those constituents soluble in wat«r and 
oarboD dlralphide. 
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V.—CONCLUSIOS^ AS TO CLASSIFICATION. 

From the preceding foots, we see that wool comes into the trade in a 
very great variety of parity, some with not over 10 or 15 per cent, of 
actaal wool fiber, others with 80 or 85 per cent., and that eome of the 
contaminations are soluble in cold water, others requiring hot water 
and soap or otlier chemical?, and still others, mechanical, and requiring 
special machinery for their removal. 

From all this it will be seen that auy classification of wools for tariff, 
fonnded on any of the physical characters named, or on the alleged 
treatment, as " unwashed," " washed," or " scoured," must of necessity 
be entirely arbitrary, and in very many cases uncertain and unsatis- 
factory, since each character is variable in itself, and by its combina- 
tions allows of an Infinite namber of gradings and sorts, so that, how- 
ever classified, according to these characters there will be many sam- 
ples which will lie so near the assumed border lines that their actual 
place will be a matter of opinion rather than of demonstration. 

A classification may, however, be founded on chemical characters de- 
termined by the amount of actual wool fiber, which may be used as the 
fixed quantity for rating a specific tariff. The actual wool fiber may be 
readily and accurately determined, by chemical methods, beyond any 
reasonable question. 

Inasmuch as the commercial values depend greatly on the fineness of 
the wools, and any tariff classification founded on the weight of act nal 
wool snbsiance would bear most heavily on the coarser and cheaper 
sorts, the ad valorem element may be combined with the fixed element 
suggested, in order to_meet,,aDy special ends other than that of mere 
revenue. 
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O. O. MAESH, 
President of the National Academy of Seiences. 
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The National Academy of Sciences was established by act of Con- 
gress in March, 1863, with power to frame its own constitution, select 
its own members, and provide in other respects for its continuance and 
successful operation. 

The object of the Academy is to advance science, and especially to in- 
vestigate, examine, experiment, and report on any subject of science or 
art, whenever called upon by any Department of the Government. 

The Academy contains at present about one hundred members, and 
these have all been selected for their original researches in science. 
They represent within their ranks nearly every department of knowl- 
edge, and their services, in accordance with the charter of the Academy, 
are always at the disposal of the Government, without compensation. 



SESSIONS OF THE NATIONAL ACADEMY. 

During the past year, the Academy has held three sessions. The first 
was the regular annual meeting held in Washington, D. 0., April 19 to 
22, 1887 ; the second was a scientific session, in New York City, Novem- 
ber 8 to 11, 1887 ; and the third was a special session, in New York, No- 
vember 9, 1887. 

SXA.TKD SESSION. 
Held ix Washing rox City, April 19 to 22, 1887. , 

The Washington session was held in the National Museum, the "presi- 
dent, Prof. O. 0. Marsh, presiding. 
The following members were present during the session: 



Abbe. 


Dana, E. 


S. 


Hill, G. W. 


Powell. 


Abbot. 


Dutton. 




Hunt. 


Putnam. 


Baird. 


Farlow. 




Langley. 


Bemsen. 


Barker. 


Gibbs, J. 


w. 


Marsh. 


Schott. 


Bell. 


Gill. 




Meigs. 


Walker. 


Billings. 


Gould. 




Mitchell. 


Wright. 


Brush. 


Hague. 




Morse. 


Young. 


tiopei 


Hall^ A. 




Bfewcombi 
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At this session, the following papers were read : 

1. Hunt, T. Sterry : On Chemical Integration. 

S. LooMis, Elias : On the Rainless Character of the Sahara. (Bead by Mr. Yonng.) 

3. CoPB, E. D. : On the Fore Limb and Shoulder Girdle of Eryops, and on the Verte- 

brates of the Triassic. 

4. DuTTON, C. E., and Haydex, Everett : Results of the Investigation of the 

Charleston Earthquake. 

5. Langley, S. p. : A New Map of the Spectrum. 

6. Farlow, W. G. : The Vegetation of the Hot Springs of the Yellowstone Park. 

Discussed by Mr. Cope. 

7. Langley, S. P. : The Color of the Sun. 

8. Rbmsen, Ira : Chemical Constitution and Taste. 

9. Bemsen, Ira : On a New Class of Compounds analogous to the Phthaleins. 

10. Greely, a. W. (by invitation of the Academy): On the Barometric OsoiUation— 

Diurnal and Annual. 

11. Williams. G. H. (by invitation of the Academy) : On the Serpentine of Syracuse, 

New York. 

12. Gibes, J. W. : On the Determination of Orbits of Planets and Comets. Discussed 

by Messrs. A. Hall, G. W. Hill, and Newcomb. 

13. Bell, A. G. : On the Ancestry of the Deaf. 

14. Bell, A. G. : On the Notation of Kinship. Discussed by Mr. Abbe. 

15. Dall, W. H. (by invitation of the Academy): On Floridian Geology. Discussed 

by Mr. Gilbert. 

16. Walcott, C. D. (by invitation of the Academy): On the Taconic System of Em- 

mons. Discussed by Mr. Hunt. 

17. Irving, R. D. (by invitation of the Academy): Is there a Huronian Group? 

18. Le Conte, Joseph : On some Phenomena of Binocular Vision. 

19. Wright, A. W. : The Effect of Magnetization on the Electrical Resistance of 

Metals. Discussed by Messrs. Young and Bell. 

20. Wilder, B. G. (by invitation of the Academy): On the Brain of Ceratodus, with 

Remarks on the General Morphology of the Vertebrate Brain. Discussed by 
Messrs. Cope and Gill. 

21. Remsen, Ira : On the Decomposition of Diazo Compounds by Alcohol. (Read 

by title.) 

22. Gill, T. : Outline of the Ichthyological System. (Read by title.) 

ELECTIONS. 

Mr. John S. Billings was elected treasurer, in place of Mr. GofQn, 
whose term of office expired with this session. 

The following members were selected for the council for the ensuing 
year: Messrs. S. P. Baird, G. J. Brush, S. P. Langley, M. C. Meigs, E. 
C. Pickering, and Ira Eemsen. 

RECOMMENDATIONS FROM THE COUNCIL. 

The following recommendations from the council were adopted by the 
Academy : 

1. That the assessment for the ensuing year be $5. 

2. That the vote accepting the resignation of Mr« Agasaiz be recon- 
sidered. 

3. That, in accordance with Mn Agassiz^s teijtiesty his hAine bd trftHH' 
-Umi to the list of honorarj' members/ 
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4. That Dr. John S. Billings l^e, and he hereby is, authorized to re- 
ceipt for, or to indorse, checks on interest due. 

5. That the Academy appoint a committee of three members, resident 
in Washington, to audit the accounts and securities of the Academy on 
their transfer to the new treasurer. The president appointed Messrs. 
Langley, Newcomb, and A. Hall as such committee. 

HOME SECBETABY'S BEPOBT. 

The home secretary submitted the following report : 

April 20, 1&87. 

Iq addition to the routine work of the year, the second volume of the biographical 
notices was printed last summer, and distributed to members. An edition of five 
hundred copies was printed. An edition of two hundred and fifty copies of the first 
volume of the biographical notices was printed in 1877, and this edition is now ex- 
hausted. 

The printing of Part II of the third volume of the memoirs was finished December 
last, but very many of the plates belonging to the edition were burnt, and the distri- 
bution of the volume has been delayed. 

REPORTS OF OOMAIITTEES. 

The president, on behalf of the committee on ways and means to 
provide a fund for the Academy, stated that Dr. S. Weir Mitchell had 
taken special charge of some features of this business, and it is hoped 
will meet with success. . . 

Mr. A. Hall, for the committee on the election of foreign associates, 
reported that two nominations had been made. 

The committee on the astronomical day, eclipse of 188G, and new 
observatory, the committee on the tariff classification of wool, and 
the committee on opium, were discharged. 

The president stated that Mr. Hilgard had resigned his position on 
the board of trustees of the Watson fund, and that Mr. Gould had 
been appointed to fill the vacancy. 

Mr. Barker, chairman of the committee on the Henry Draper medal, 
reported that the committee recommends that the second Henry Dra- 
per medal be awarded to Prof, Edward 0. Pickering, director of the 
Harvard Observatory, for his recent work in astronomical photometry 
and photography. This recommendation was adopted. 

THE JAMES WATSON MEDAL. 

At a public session of the Academy, held on the evening of April 20, 
the first James Watson medal and the sum of $100 in gold were pre- 
sented to Dr. B. A. Gould, for his valuable labors for nearly forty years 
in promoting the progress of astronomical science. 

At the same session, the following biographical memoirs were readi 

Of President Wi B, Rogel*s, by Presldetlt P. A. Walker^ 

Of Di*. Hi Tttckernlitly by Profi Wi Oti Farlow/ 
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CONSTITUTIONAL AMENDMENT. 

The Academy, in committee of the whole, adopted the following 
amendment to the constitntion, which will be voted on at the next 
stated session : 

That Article VI, section 1, be changed to read as follows : " All inves^ 
ments shall be made by the treasurer, in the corporate name of the 
Academy, in stocks of the United States j or, with the approval of the 
coancil, in State bonds, or first-mortgage bonds on real estate." 

The treasurer shall have authority, with the approval of the council, 
to sell and transfer any United States bonds held by him in the corpo 
rate name of the Academy. 

The pending amendment to Article V, section 6, was not adopted. 

NEW MEMBERS. 

The following new members were elected : Prof. Henry P. Bowditch, 
Prof. George H. Cook, and Prof. Thomas 0. Mendenhall. 

FOREIGN ASSOCIATES. 

Prof. A. W. Hofmann, of Berlin, and J. P. Joule, esq., of Manches- 
ter, England^ were elected foreign associates of the Academy. 

treasurer's report. 

Washington, D. C, May 21, 1887. 
The committee of the Academy appointed to examiue its accounts and secarities 
have this day found them as described in the accompanying summary, and in a de- 
tailed account in the hands of Dr. J. S. Billings, which account they have separately 
signed after witnessing the transfer. 

S. P. Langlet, 
S. Newcomb, 
Asaph Hall, 

Committee. 

National Academy op Sciences, May 21, 1887. 

Transfer of bonds and securities of the National Academy of Sciences by J. H. C. 
Coffin to Dr. J. S. Billings, his successor as treasurer. 

1. Cash-fund balances to the credit of the following accounts^ April 19, 1887. 

General fund $167.46 

Bachefund 2,350.73 

Watson fund 1,415.05 

Draper fund 568.54 

Smith fund 818.00 

Total 5,319.78 

Transferred as per receipt of April 26, 1887. 

2. The Academy seaU 
Ordev to Bank of Washington to delireT to 0r/ fiilliogs or ord«r/ 
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3. Securities held in trust. 

The committee, Messrs. Brash, Remsen, and Young, appointed to examine the fol- 
lowing securities, found they were correct : 

a. General fund. 

District of Columbia 3.65 bonds $500 

h, Backe fund. 

United States 4^ per cent, bonds, registered * $42, 100 

United States 4 percent, bonds, registered 3,850 

Davenport 6 per cent, bonds, coupon 1,000 

Philadelphia 6 per cent, bonds, registered GOO 

47, 550 

Deed for 160 acres of Missouri lands to A. D. Bache, not transferred to the 
Academy. 

0. Invested income of the Bache fund. 

District of Columbia 3.65 bonds 1,500 

d, Joseph Henry fund. 

An agreement with the Pennsylvania Company for insurance on lives and 

granting annuities, as to the final disposition of the Joseph Henry fund of 

$40,000. 

The above will not be available until the decease of all Professor Henry's 

children. 

e. Watson fund. 

United States 4^ per cent, bonds, registered $6, 200 

United States 4 per cent, bonds, registered 850 

Certificates for 134 shares of the capital stock of the Michigan Life 

Insurance Company 6,700 

13, 750 

/. Henry Draper medal fund. 

United States 4 per cent, bonds, registered , 5,000 

Deed of trust of Mary Anna Palmer Draper to the National Academy of 
Sciences. 

g. J.Lawrence Smith medal fund. 

United States 4^ per cent, bonds, registered 7,200 

Deed of trust of Sarah Julia Smith to the National Academy of Sciences. 

Amount of available securities 75,500 

DEATH OF MEMBERS. 

The President announced the death, on March 8, 1887, of Mr. James 
B. Eads, of Saint Louis, Mo. 

Mr. William Sellers was appointed to prepare a biographical notice. 

The following members were also appointed to prepare biographical 
memoirs: 

Of Prof. James 0« Watson, Prof, E. &» Holden* 

Of Oenefal J« Gt* Barnatd, President F< A., f 4 i^^\iii^\^i 
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INVITATIONS. 

It was anuoiinced that members of the Academy were invited to 
make use of the rooms of the Cosmos Glab daring their stay in Wash- 
ington. 

Mr. A. G. Bell invited the members of the Academy to a reception at 
his house on the evening of April 21. 

The Academy adjourned April 22, to meet in scientific session in New 
York City, November 8, 1887. 



SCIENTIFIC SKSSION^. 
Held in New York City, November 8 to 11, 1887. 

A scientific session, for the reading of papers only, having been called 
by the council, as announced at the April session, the Academy met at 
Columbia College, New York City, on November 8, 1887. 

Dr. Wolcott Gibbs presided on November 8, and the president, Prof. 
O. C. Marsh, on the succeeding days. 

The following members were present during the session : 



Abbe. 

Abbot. 

Barker. 

Barnard. 

Billings. 

Brooks. 

Brush. 

Chandler* 

Cook, G. H. 



Cope. 
Coues. 
Dana, E. S. 
Dana, J. D. 
Gibbs, W. 
Gill. 
Hall, A. 
Hall, J. 
Hunt. 



Johnson. 

Marsh. 

Mayer. 

Mendenhall. 

Morton. 

Newberry. 

Packard. 

Peters. 



Pumpelly. 

Kogers, W. A. 

Bood. 

Scudder. 

Trowbridge, W. P. 

Wright. 

Young. 



Pickering. 
The following papers were read and discussed: 

1. Mendenhall, T. C: Seismoscopes and Seismologioal Investigations. 

2. Cope, E. D. : On the Primary Specializations of the Trne Fishes. 

3. KoGERS, W. A. : A Stndy of the Behavior of Metals nnder Variations of Temper- 

ature. 

4. Hunt, T. Sterry: Chemism in its Relations to Temperature and Pressure. 

5. Cope, £. D. : On the Mechanical Origin of the Structures of the Hard Parts of the 

Mammalia. 

6. Hunt, T. Sterry : Progressive Series in Chemistry. 

7. Dana, J. D. : Kilanea, a Basalt Volcano. 

8. Mitchell, Henry: Circulation of the Sea through New York Harbor. (Read 

by Mr. Barnard.) 

9. Rood, Ogden N. : On a Study of Color Contrast. 

10. Brooks, W. K. : On a Relative Variability of Men ard Women. 

11. Brooks, W. K. : On a New Form of Reproduction in Medusse. 

12. Brooks, W. K. : On the Lucayan Indians. (Read by title.; 

13. Mayer, A. M. : Experiments in Measurements of Statical Electricity in Absolute 

Units. 
14i MaYHr, a. M. i On I'otciiltiill as measured by Wdtk; a Mathematical Discussion/ 
Ui QiLt, Ti I A CdmpariiOn df Antipodal Ttitami 
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16. Trowbridge, W. P. : On a Discovery recently made in Connection with the 

Flight of Birds. 

17. Pickering, E. C. : On the Determination of Star Magnitudes hy Photography. 

18. Hall, A. : On the Constant of Aberration. 

19. Newbbrrt, J. S. : The Cretaoeons Coals of Western North America. 

20. Newberry, J. S. : The Future of Gold and Silver Production. 

21. Langlet, S. p. : The Temperature of the Moon. (Read by the Home Secretary. ) 

22. MiCHELSON, A. A., and Morlet, £. W. (by invitation of the Academy): On a 

Method of making the Wave Length Of Sodium Light the Absolute Standard 
of Length. 

The scientific session closed November 11, 1887. 



spb:cia.i:4 &:e:&&zon. 

Held in New York City, November 9, 1887. 

A special session of the Academy having been called by the coancil, 
in accordance with Article III, section 1, of the constitution, the Acad- 
emy convened at Columbia College, JiTovember 9, 1887 ; the president. 
Prof. O. C. Marsh, presiding. 

The president stated the object of the meeting, which was to consider 
his annual report to Congress. He gave an outline of the report, and 
requested that it might include the proceedings of the present meeting, 
and the reports made for the Treasury Department. 

The president also stated that two requests from the Treasury De- 
partment had been received since the last meeting, and that he had ap- 
pointed the following committees to make the necessary investigations: 

On opium, — Prof. Ira Bemsen, chairmanj Prof. G, F. Barker, and 
Prof. C. F. Chandler. 

On sugar determinations. — Prof. A. W. Wright, chairman^ Prof. B, 8. 
Dana, and Prof. C. S. Hastings of Yale College. 

EEC03OIENDATI0NS FROM THE COUNCIL. 

The following recommendations from the council were adopted : 

1. That the medal of Professor Oppolzer be deposited in the National 
Museum at Washington, with the Bache medals, subject to the order 
of the Academy. 

2. That the president be authorized to inclade in his annual report 
to Congress, the proceedings of the present meeting, the report on 
opium, and the report on sugar determinations. 

NOMINATIONS. 

Four nominations for membership in the Academy were read by the 
home secretary. 

The home secretary then presented the report of the committee ap« 
^mb^^ td eisiniili^ tb^ iS^cttfiti^iS dtid ^S^diititat df til6 M^A^mt^ tttid to 
witness the transfer of funds firdm the ddigtiing id i\v& H^ir ttmAiumtv 
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The home secretary also read the following new rule, which, on mo- 
tion, was referred to the council : 

Rule XXIV. Lists of tbe more important original works of nominees for member- 
ship, provided they liave been filed with the home secretary at least sixty days before 
the time appointed for the election of new members, shall be printed, and distribntecl 
to members for their information. 

RESOLUTION. 

The following resolution was adopted : 

Bes^lved, That the thanks of the Academy be tendered to the president and trus- 
tees of Columbia College, for their courtesy in granting the use of commodious rooms 
for the meetings of the Academy. 

DEATH OF MEMBERS. 

The president announced the death of Prof. S. F. Baird, who died 
Aug:ust 19, 1887. 
Mr. J. S. Billings was appointed to prepare a biographical memoir. 

DEATH OF FOREIGN ASSOCIATE. 

The president announced the death of Prof. G. E. Kireholf, foreigu 
associate of the Academy, who died October 17, 1887, in Berlin. 

The president announced that in December last an invitation was 
received from the Acad6mie des Sciences of Paris, requesting him to 
appoint a delegate from the National Academy of Sciences to an. in- 
ternational conference of astronomers, to consider a general plan for 
photographing the heavens, to be held at Paris, beginning April IG, 
1887. In accordance with this request. Prof. 0. H. F. Peters, director 
of the Litchfield Observatory of Hamilton College, Clinton, IS". Y., was 
appointed delegate of the Academy. 

The president stated that Professor Peters attended this conference 
and had since been requested to prepare a report of the meetings, to 
be included in the proceedings of the Academy for the year 1887. (See 
Appendix F, p. 47.) 

The special session was then adjourned. 

On the evening of November 9, Professor Pickering gave a lecture 
on the researches he had recently conducted in continuation of Dr. 
Draper's works of photographing the stars. 
EespectfuUy submitted. 

O. C. Marsh, 
President of the National Academy of Sciences. 
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AK ACT to iacorporate the National Academy of Sciences. 

• 

Be it enacted by the Senate and House of Representatives of tJie United 
States of America in Congress a^sembledy That Louis Agassiz, Massachu- 
setts ; J. H. Alexander, Maryland ; S. Alexander, New Jersey ; A. D. 
Bache, at large ^ F. A. P. Barnard, at large; J. G. Barnard, United 
States Army, Massachusetts^ W. H. 0. Bartlett, United States Military 
Academy, Missouri; U. A. Boyden, Massachusetts; Alexis Caswell, 
Bhode Island ; William Chauvenet, Missouri; J. H. C. CofQn, United 
States Naval Academy, Maine; J. A. Dahlgren, United States Navy, 
Pennsylvania; J. D. Dana, Connecticut; Charles H. Davis, United 
States Navy, Massachusetts ; George Engelmann, Saint Louis, Mo. ; 
J. F. Frazer, Pennsylvania; Wolcott Gibbs, New York; J. M. Gilliss, 
United States Navy, District of Columbia; A. A. Gould, Massachusetts; 
B. A. Gould, Massachusetts; Asa Gray, Massachusetts; A. Guyot, New 
Jersey; James Hall, New York ; Joseph Henry, at large ; i. E. Hilgard, 
at large, Illinois; Edward Hitchcock, Massachusetts; J. S. Hubbard, 
United States Naval Observatory, Connecticut; A. A. Humphreys, 
United States Army, Pennsylvania; J. L. LeConte, United States Army, 
Pennsylvania; J. Leidy, Pennsylvania; J. P. Lesley, Pennsylvania; M. 
F, Longstreth, Pennsylvania; D. H. Mahan, United States Military 
Academy, Virginia; J. S. Newberry, Ohio; H. A. Newton, Connecticut; 
Benjamin Peirce, Massachusetts; John Bodgeis, United States Navy^ 
Indiana; Fairman Eogers, Pennsylvania; E. E. Bogers, Pennsylvania ; 
W, B. Eogers, Massachusetts ; L. M. Eutherfurd, New York ; Joseph 
Saxton, at large; Benjamin Silliman, Connecticut; Benjamin Silliman, 
junior, Connecticut; Theodore Strong, New Jersey; JohnTorrey, New 
York^ J. G. Totten, United States Army, Connecticut; Joseph Win- 
lock, United States Nautical Almanac, Kentucky; Jeffries Wyman, 
Massachusetts; J. D. Whitney, California; their associates and suc- 
cessors duly chosen, are hereby incorporated, constituted, and declared 
to be a body corporate, by the name of the National Academy of 
Sciences. 

Sec. 2. And be it further enacted. That the National Academy of Sci- 
ences shall consist of not more than fifty ordinary members, and the 
said corporation hereby constituted shall have power to make its own 
organization, including its constitution, by-laws, and rules and regula- 
1 tionsj to fill all vacancies created by death, resignation, or otherwise; 
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to provide for the election of foreign and domestic members, the division 
into classes, and all other matters needful or usaal in such institation, 
and to report the same to Congress. 

Sec. 3. And be it further enactedj That the National Academy of 
Sciences shall hold an annual meeting at such place in the United States 
as may be designated, and the Academy shall, whenever called upon 
by any Department of the Government, investigate, examine, exi)eri- 
ment, and report upon any subject of science or art, the actual expense 
of such investigations, examinations, experiments, and reports to be 
paid from appropriations which may be made for the purpose^ but the 
Academy shall receive no compensation whatever for any services to 
the Government of the United States. 

Approved, March 3, 1863. 



AN AQT to amend the act to incorporate the National Academy of Sciences. 

Be it enacted by the Senate and House of Representatives of the United 
States of America in Congress assembled, That the act to incorporate the 
National Academy of Sciences, approved March three, eighteen hun- 
dred and sixty-three, be, and the same is hereby, so amended as to re- 
move the limitation of the number of ordinary members of said Academy 
as provided in said act. 

Approved, July 14, 1870. 

Department of State, June 10, 1882. 
True copies. 

SeYellon a. Beown, 

Chief Clerk, 



AN act to authorize the National Academy of Sciences to receive and hold trust 
funds for the promotion of science, and for other purposes. 

Be it enacted by the Senate and Rouse of Representatives of the United 
States of America in Congress a^ssembledy That the I^ational Academy of 
Sciences, incorporated by the act of Congress approved March third, 
eighteen hundred and sixty-three, and its several supplements, be, and 
the same is hereby, authorized and empowered to receive be(iuests and 
donations, and hold the same in trust, to be applied by the said Acad- 
emy in aid of scientific investigations, and according to the will of the 
donors. 

Approved, June 20, 1884. 

Department of State, June 24, 1884. 
A true copy. 

Sevellon a. Brown, 

Chief Clerk. 
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CONSTITUTION AND RULES OF THE NATIONAL ACADEMY OF SCIENCES. 

As amended and adopted April 17, 1872, and further amended April 20, 1875, April 21, 

1881, April 19, 1882, and April 18, 1883. 

PREAMBLE. 

Empowered by tlie act of incorporation enacted by Congress, and ap- 
proved by the President of the United States, on the 3d day of March, 
A. D. 1863, and in conformity with the amendment to said act, approved 
July 14, 1870, the National Academy of Sciences adopts the following 
amended constitution and rules: 

Article I.— OP MEMBERS. 

Seo. 1. The Academy shall consist of members, honorary members, 
and foreign associates. Members must be citizens of the United States. 

Sec. 2. Members who, from age or inability to attend the sessions of 
the Academy, wish to resign the duties of active membership, may,. at 
their own request, be transferred to the roll of honorary members by a 
vote of the Academy. 

Sec. 3. The Academy may elect fifty foreign associates. 

Sec. 4. Honorary members and foreign associates shall have the 
privilege of attending the meetings, and of reading and communicating 
papers to the Academy, but shall take no part in its business, shall not 
be subject to its assessments, and shall be entitled to a copy of the 
publications of the Academy. 

Article II.— OF THE OFFICERS. 

Sec. 1. The officers of the Academy shall be a president, a vice-presi- 
dent, a foreign secretary, a home secretary, and a treasurer, all of whom 
shall be elected for a term of six years, by a majority of votes present, 
at the first stated session after the expiration of the current terms, pro- 
vided that existing officers retain their places until their successors are 
elected. In case of a vacancy, the election for six years shall be held 
in the same manner at the session when such vacancy occurs, or at the 
next stated session thereafter, as the Academy may direct. A vacancy 
in the office of treasurer or home secretary may, however, be filled by 
appointment of the president of the Academy until the next stated ses- 
sion of the Academy. 

H. Mis. 596 2 ^ 



18 EEPORT OF TilE KATIONAL ACADEMY OF SCIENCES. 

Sec. 2. The officers of the Academy, together with six members to be 
elected by the Academy at the first stated session in each year, shall 
constitate a council for the transaction of such business as may be as- 
signed to them by the constitution or the Academy. 

Sec. 3. The president of the Academy, or, in case of his absence or 
inability to act, the vice-president, shall preside at the meetings of the 
Academy and of the council; shall name all committees except such as 
are otherwise especially provided for; shall refer investigations required 
by the Government of the United States to members especially conver- 
sant with the subjects, and report thereon to the Academy at its session 
next ensuing; and, with the council, shall direct the general business 
of the Academy. 

It shall be competent for the president, in special cases, to call in the 
aid, upon committees, of experts or men of special attainments, not 
members of the Academy. 

Sec. 4. The foreign and home secretaries shall conduct the corre- 
spondence proper to their respective departments, advising with the 
president and council in cases of doubt, and reporting their action to the 
Academy at one of the stated sessions in each year. 

It shall be the duty of the home secretary to give notice to the mem- 
bers of the place and time of all meetings, of all nominations for mem- 
bership, and of all proposed amendments to the constitution. 

The minutes of each session shall be duly engrossed before the next 
stated session, under the direction of the home secretary. 

Sec. 5. The treasurer shall attend to all receipts and disbursements 
of the Academy, giving such bond and furnishing such vouchers as the 
council may require. He shall collect all dues from members, and keep 
a set of books showing a full account of receipts and disbursements. 
He shall present a general report at the April session. He shall be the 
custodian of the corporate seal of the Academy. 

Article III.— OF THE MEETINGS. 

Sec. 1. The Academy shall hold one stated session in each year, 
in the city of Washington, on the third Tuesday in April, and another 
may be held at such place and time as the council shall determine. 

Special sessions of the Academy may be called, by order of eight 
members of the council, at such place and time as may be designated 
in the call. 

Scientilic sessions of the Academy may be held at times and places 
to be designated by a majority of the council. 

Sec. 2. The names of the members present at each daily meeting shall 
be recorded in the minutes ; and the members present at any meeting 
shall constitute a quorum for the transaction of business. 

Sec. 3. Scientific meetings of the Academy, unless otherwise ordered 
by a majority of the members present, shall be open to the public; those 
for the transaction of business, closed. 
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Sbo. 4. The stated meetings of the coaucil shall be held during the 
stated or special sessions of the Academy. Special meetings may be 
convened at the call of the president and two members of the council, 
or of four members of the council. 

Sec. 5. No niember who has not paid his dues shall take part in the 
business of the Academy. 

Article IV.— OF ELECTIONS AND RESIGNATIONS. 

Sec, 1. All elections shall be by ballot, and each election shall be held 
separately, unless otherwise ordered by this constitution. 

Sec. 2. The time for holding an election for officers shall be fixed by 
the Academy at least one day before the election is held. 

Sec. 3. The six additional members of the council shall be elected on 
any day after the first of the first stated session in each year, by each 
voter inscribing six names on his ballot, and those six who have received 
more votes than any others shall be declared elected. If two or more 
names have received the lowest number of votes that would elect, addi- 
tional balloting shall be had for as many members as remain each time 
to be elected until the number is full. 

The term of the members so elected shall commence at the close of the 
session at which they are elected, and continue until the close of the 
first stated session in the next year. 

Sec. 4. Ifominations of members may be made in writing, signed by 
any five members of the Academy, at any stated session, to be voted on 
at the next stated session held in Washington, and each nomination 
shall, at the time of election, be accompanied by a written list of the 
original works of the nominee. 

Sec. 5. Elections for membership shall be held in the following man- 
ner: Each member may inscribe on a ballot not more than five names 
of nominees selected from the list. Absent members may send such 
ballots to the home secretary. From the seven names receiving the 
highest number of votes in this preference ballot, the members present 
may proceed to elect new members in the following manner: At each 
ballot, each member present may vote for not exceeding three persons, 
and the person receiving the highest number of votes shall be declared 
elected, provided that he received two-thirds of the votes cast and that 
his name appear on not less than twenty ballots; and provided further, 
that the number of members of the Academy be not already one hun- 
dred or over, in which case to be declared to be elected he must receive 
four-fifths of the votes cast, and his name must appear on at least 
twenty-five ballots. 

Should several candidates have the same minimum number of votes 
on the preference list, the requisite number for completing the list shall 
be selected from them by a two-thirds vote of the members present. 

Election of members shall be held only at the regular stated sessiou 
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of each year held iu Washington) and not more than five members shall 
be elected at that session. 

Before and during elections, a disoassion of the merits of nomineea 
will be in order. 

The election of members may be suspended at any tim*e by a majoority 
vote of the members present. 

Sec. 6. Every meml)er elect shall accept his membership, personally 
or in writing, before the close of the next stated session after the date 
of his election. Otherwise, on proof that the secretary has formally 
notified him of his election^ his name shall not be entered on the roll of 
members. 

Sec. 7. Foreign associates may be nominated by a committee of Ave 
members to be appointed for that purpose by the president, and elected 
at any stated session by a two-thirds vote of the members present. The 
election shall be had by each member indicating on a ballot those names 
for which he votes, and those nominees whose names appear on two- 
thirds of the ballots shall be declared elected. 

Sec. 8. A diploma, with the corporate seal of the Academy and the 
signatures of the of&cers, shall be sent by the appropriate secretary to 
each member on his acceptance of his membership, and to foreign asso- 
ciates on their election. 

Sec. 9. Eesiguations shall be addressed to the president and acted 
on by the Academy. 

Article V.-OF SCIENTIFIC COMMUNICATIONS, PUBLICATIONS, AND RE- 
PORTS. 

Sec. 1. Communications on scientific subjects shall be read at scien- 
tific meetings of the Academy, and papers by any member may be read 
by the author, or by any other member, notice of the same having been 
previously given to the secretary. 

Sec. 2. Any member of the Academy may read a paper from a person 
who is not a member, and shall not be considered responsible for the 
facts or opinions expressed by the author, but shall be held responsible 
for the propriety of the paper. 

Persons who are not members may read papers on invitation of the 
president, with the advice of the council. 

Sec. 3. The Academy may provide for the publication, under the di- 
rection of the council, of proceedings, memoirs, and reports. 

Sec. 4. Propositions for investigations or reports by the Academy 
shall be submitted to the council for approval, except those requested 
by the Government of the United States, which shall be acted on by 
the i)resident, who will in such cases report their results to the Grov- 
ernment as soon as obtained, and to the Academy at its next following 
stated session. 

Sec. 5. The advice of the Academy shall be, at all times, at the dis- 
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position of the Government, upon any matter of science or art within 
its scope. 

Sec. 6. An annual report to be presented to Congress shall be pre- 
pared by ihe president, and before its presentation, submitted by him, 
first to the council, and afterwards to the Academy, at one of the stated 
sessions. 

Beg. -7. Medals and prizes may be established, and the means of be- 
stowing them accepted by tiie Academy, upon the recommendation of 
:the council, by whom all theueeessary arrangements for their establish- 
ment and award shall be made. 

Bequests and trusts having for their object the advancement oi 
seienee may also be accepted and administered by the Academy. 

Article VI.— OF THE PROPERTY OF THE ACADEMY. 

Beo. 1. All investments shall be made by the treasurer, in the cor- 
porate name of the Academy, in stocks of the United States. 

Sec. 2. "^o contract shall be binding upon the Academy which has 
not been first approved by the council. 

Sec. 3. The assessments required for the support of the Academy 
Shall be fixed by the Academy on the recommendation of the council. 

Article VII.-OF ADDITIONS AND AMENDMENTS. 

Additions and amendments to the constitution shall be made only 
at a stated session of the Academy. Notice of a proposition for such a 
change must be given at a stated session, and shall be referred to the 
council, which may amend the proposition, and shall report thereon to 
the Academy at the same session. Its report shall be considered by 
the Academy in committee of the whole for amendment. 

The proposition as amended, if adopted in committee of the whole, 
shall be voted on at the next stated session, and if it receives two-thirds 
of the votes cast, it shall be declared adopted. 

Absent members may send their votes on pending changes in the 
constitution to the home secretary in writing, and such votes shall be 
counted as if the member were present. 

I£TJX.B3S. 

I. In the absence of any ofl&cer, a member shall be chosen to perform 
his duties temporarily, by a plurality of viva voce votes, upon open nom- 
inations. 

II. The accounts of the treasurer shall be referred to an auditing 
committee of three members, to be appointed by the president at the 
meeting at which the accounts are presented, which committee shall 
report before the close of that session, and shall then be discharged. 

The bonds, securities, and other property owned or held in trust by 
the Academy shall be inspected and verified by a committee to be an- 
nually appointed by the president. The report of this committee shall 
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be preseuted to the Academy at its iirst stated session in each year, 
and referred with the accounts to the auditing committee. 

III. A committee of arrangements consisting of five members shall 
be appointed by the president for each stated session of the Academy. 
This committee shall meet not less than two weeks previous to each 
session. It shall be in session during the meetings to make arrange- 
ments for the reception of the members^ to arrange the business of each 
day; to receive the titles of papers, reports, etc.; and to arrange the 
order of reading, and, in general, to attend to all business and scientific 
arrangements. 

TV, At the meetings, the order of business shall be as follows: 

1. Chair taken by the president, or, in his absence, by the vice-presi- 
dent. 

2. Boll of members called by home secretary. 

3. Minutes of the preceding meeting read and approved. 

4. Stated business. , 

5. Reports of president, secretaries, treasurer, and committees. 

6. Business from council. 

7. Other business. 

8. On the lai^t days of the session, the rough minutes of that day's pro- 
ceedings are to be read for correction. 

V. The rules of order of the Academy shall be those of the Senate 
of the United States, unless suspended by unanimous consent. 

VI. Unless otherwise ordered by the Academy, the scientific meetings 
shall be convened at noon. 

VII. The death of members shall be announced by the president on 
the last day of any session, when a member shall be selected by the 
president to furnish a biograpical notice of the deceased at the next 
stated session. If such notice be not then furnished, another member 
may be selected by the president in place of the first, and so on nntil 
the duty is performed. 

VIII. All discussions as to the claims and qualifications of nominees 
at meetings of the Academy will be held strictly confidential, and re- 
marks and criticisms then made may be communicated to no person 
who was not a member of the Academy at the time of the discussion. 

IX. The secretaries will receive memoirs at any time, and report the 
date of their reception at the next session. But no memoir shall be 
published unless it has been read before the Academy. 

X. Memoirs shall date in the records of the Academy from the date 
of their presentation to the Academy, and the order of their presenta- 
tion shall be that in which they were registered, unless changed by 
consent of the author. 

XI. Papers from persons not members, read before the Academy, and 
intended for publication, shall be referred, at the meeting at which they 
are read, to a committee of members competent to judge whether the 
paper is worthy of publication. Such committee shall report to the 
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Academy as early as practicable, 9>iid not later than the next stated 
session. 

XII. An annaal of the Academy shall be prepared and pablished by 
the secretaries. 

XIII. The printing of the Academy shall be under the charge of a 
committee of publication, to consist of the home secretary, and four 
other members to be named by the president, with the advice and con* 
sent of the council. 

XIY. The annual report of the Academy may be accompanied by a 
memorial to Congress in regard to such investigations and other sub- 
jects as may be deemed advisable, recommending appropriations there- 
for when necessary. 

XY. The proper secretary shall acknowledge all donations made to 
the Academy, and shall report them at the next stated session. 

XVI. The books, apparatus, archives, and other collections of the 
Academy shall be deposited in some safe place in the city of Washing- 
ton. A list of the articles so deposited shall be kept by the home sec- 
retary, who is authorized to employ a clerk to take charge of them. 

XYII. A stamp corresponding to the corporate seal of the Academy 
shall be kept by the secretaries, who shall be responsible for the due 
marking of all books and other objects to which it is applicable. 

Labels, or other proper marks #f similar device, shall be placed upon 
objects not admitting of the stamp. 

XVIII. On the first day of each stated session, immediately after 
calling the roll of members, a recording secretary shall be elected by a 
plurality of members present, to assist the home secretary in keeping 
the records of the session. 

XIX. It shall be the duty of the committee of arrangements to fix 
the length of time to be devoted to reading of all papers submitted, and 
to limit the time to be occupied in their discussion. 

XX. Ballots for election of members may be sent by sealing them 
up in a blank envelope, and inclosing this in another, across the back 
of which is written the name of the sender, and which is addressed to 
the home secretary ; such envelopes will be opened only by the tellers. 

XXI. Any rule of the Academy may be amended, suspended, or re- 
pealed on the written motion of any two members, signed by them, and 
presented at a stated session of the Academy, provided the same shall 
be approved by a majority of the members present. 

XXII. dominations for membership should state the full name, resi- 
dence, the official position, and the special scientific studies of the can- 
didate. A form of nomination shall be prepared by the home secre- 
tary. 

By a resolution adopted January 12, 1864, the president is, ex officio j 
a member of all Government committees of the Academy. 
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ORGANIZATION OF THE ACADEMY, 1887. 

Expiration of term. 

Mabsh, O. C, President April, 1889, 

Newcomb, S., Vice-President April, 1889. 

GiBBS, WoLCOTT, Foreign Secretary April, 1892. 

Hall, A., Home Secretary April, 1889. 

Billings, John S., Treasurer April, 1893. 

ADDITIONAL MEMBER^ OF COUNCIL, 1887-^88. 

Baird, S. F. Meigs, M. C. 

Brush, G. J. Pickering, E. C. 

L ANGLE Y, S. P. ReMSKN^ IRA. 

COMMITTEES OF THE ACADEMY. 

On Ways and Means to Provide a Fund for tho Academy. 

Rogers, Fairman, Chairman. Marsh, O. C. 

Chandler, C. F. Mitchell, S. Weir. 

* pumpelly, r. 

On TVeightfif Measures^ and Coinage. 
Barnard, F. A. P., Chairman. Newcomb, .S. 

GiBBS, WOLCOTT. NeWTON, H. A. 

HiLGABD, J. E. PeIRCE, C. S. 

Meigs, M. C. Trowbridge, W. P. 

On the Election of Foreign Associates. 

GiBBS, WoLCOTT, Chairman. Gould, B. A. 

Dana, J. D. Hall, A. 

Newcomb, S. 

On Reserving Public Lands on and near Mount Whitney y Californiajfor Scientific Purposes, 

Langley, S. p., Chaimian. Brewer, W. H. 

Powell, J. W. 

On Publication. 

The Home Secretary. Coffin, J. H. C. 

Baird, S. F. Newcomb, S. 

Powell, J. W. 
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Oh PuhUvationH of the Academy, 

Gill, T. 

On the Belation of the Academy to the Government, 

The Pbesidext. Coffin, J. H. C. 

Vice-President. Hiloard, J. E. 

Secretaries. Meigs, M. C. 

Baird, S. F. Powell, J. W. 

GOVERNMENT COMMITTEES. 

On Opiumj 1887. 

Remsen, Ira, Chairman. Barker, G. F. 

Chandler, C. F. 

On Sugar Determinations. 

Wright, A. W., Chairman. Dana, E. S. 

Hastings, C. S. 

TRUST FUNDS. 
Board of Direction of the Bache Fund. 
Dana, J. D., Chairman. Hilgard, J. E. 

GiBBS, W. 

Board of Trustees of the Watson Fund. 

Newcomb, S., Chairman. Coffin, J. H. C. 

Gould, B. A. 

On the Henry Draper Medal. 

Barker, G. F., Chmnnan. Newcomb, S. 

Gibbs, W. Wright, A. W. 

Young, C. A. 

On the J. Lawrence Smith Medal. 

Gibbs, Wolcott, Chairman. Hall, A. 

Brush, G. J. Pumpelly, R. 

Rutherfurd, L. M. 
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MEMBERS OF TEE NATIONAL ACADEMY OF SCIENCtJS, 1888.* 

Date of 
electipn. 

Abbb, Clvybland Washington, D. C. 1879 

Abbot, Henry L., U. S. A Army Building, JSew York. 1872 

Allen*, J. Asaph ATnerican Museum, New York City, 1876 

Barker, George F 3909 Locust St., Philadelphia, Fa, 1879 

Barnard, Frederick A. P New York City, 

Bartlett, Wiluam H. C 75 Locust Hill Ave, , Yonkers, N, Y, 

Bell, A. Graham Washington, D, C, 1883 

Billings, John S., U. S. A Washington, D, C, 1883 

BowDiTCH, Henry P Cambridge, Mass, 1887 

Brewer, William H New Haven, Conn, 1880 

Brooks, W. K Johns Hopkins University, Baltimore, Md, 1884 

Brown-Sequard, Charles E Paris, France, 1868 

Brush, George J New Haven, Conn, 1868 

Chandler, Charles F New York City, 1874 

Chandler, Seth C 16 Craigie St,, Cambridge, Mass, 1888 

Coffin, John H. C, U. S. N Washington, D. C, 

CoMSTOCK, Cyrus B., U. S. A Whitesione, Long Island, N, Y, 1884 

Cook, George H New Brunswick, N, J, 1887 

Cooke, Josiah P Cambridge, Mass, 1872 

Copfe, Edward D 2100 Pine St, Philadelphia, Pa. 1872 

COUES, Eluott Washington, D. C. 1877 

Crafts, James M J^cole des Mir.es, Paris, France. 1872 

Dalton, J. C 43 W, Forty-eighth St., Neiv York City. 1864 

Dana, Edward S Neto Haven, Conn. 1884 

Dana, James*D New Haven, Conn. 

Davidson, George San Francisco, Cal. 1884 

DUTTON, Clarence E., U. S. A Washington, D. C. 1884 

Farlow, W. G Cambridge, Mass, 1879 

Fbrrel, William 1641 Broadway, Kansas City, Mo, 1868 

Gbnth, Frederick A West Philadelphia, Pa, 1872 

GiBBS, Josiah WiLLARD New Haven, Conn, 1879 

GiBBS, WOLCOTT Newport, R. I, 

Gilbert, Grove K Washington, D, C, 1883 

Gill, Theodore N Washington, D. C, 1873 
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Gould, Benjamin A Cambridge, Mass, 

Hague, Arnold U, S, Geological Survey, Washington, D. C. 1885 

Hall, Asaph, U. S. N Washington, D. C. 1875 
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Johnson, Samuel W , New Haven, Conn. 1866 

* A delay in printing the present report has made it possible to revise the list of 
members to October 24, 1888. 
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REPORT ON OPIUM, 1887. 

[CORRKSPONDKNCE. 1 

Yale College, 
New Haven, Conn,y August 18, 1887, 

Seb : I have the honor to transmit to you herewith a report on opiam, 
made by a committee of the National Academy of Sciences, in compli- 
ance with the request contained in your communication dated May 3, 
1887. 

I will return by a later mail the remaining portion of the sample of 
opium analyzed. 

Very respectfully, 

O. C. Mabsh, 
President of the National Academy of Sciences. 
Hon. C. 8. Paibohild, 

/Secretary of the Treasury. 



Treasury Department, 
Washington, B, C, May 3, 1887. 

Sir : I transmit to your address, under another cover, a sample taken 
from a lot of prepared opium seized at Port Huron, Mich., on the ground 
that it had been smuggled. 

With a view of determining the precise character of this article, it is 
deemed important that it should be analyzed to ascertain what percent- 
age of morphia it contains. 

Will you kindly cause such analysis to be made, under the direction 
of the li^ational Academy of Sciences, and inform me of the result at 
your earliest convenience 1 It is requested that such portion of the 
sample as is not consumed in the analysis be returned. 

The package is marked in red figures number 23,133, and in black, 
6,70l6. 

. Eespectfully, yours, 

C. S. Fairchild, 

Secretary. 
Prof. O. O. Marsh, 

Presidmt National Academy of Sciences, 

Tale College, New Haven, Conn. 
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National Academy of Sciences, 

Xeto Havenj Conn.j May 4, 1887. 

Sir: I inclose a copy of a letter from the Secretary of the Treasury, 
reqaestiug a secoud iuvestigation of opiam to be made by a committee 
of the National Academy of Sciences, and I shoald be glad to have yoo 
act as chairman of this committee. 

The province of the Academy is not to condact a technical examina* 
tion merely, but especially to bring out the scientific principles involved 
in the investigation, and in this spirit, I wish the work to be under- 
taken. 

Your associates on this committee will be Prof. George P. Barker, of 
the University of Pennsylvania, and Prof. Charles P. Chandler, of Co- 
lumbia College, N^ew York. 

Hoping you will be able to take charge of this work, I remain, 

Very respectfully, 

O. C. Marsh, 

President of the National Academy of Sciences, 

Prof. IKA Remsen. 



K, EXPORT. 



Prof. O. C. Marsh, 

President of the National Academy of Sciences: 

Sir : The committee appointed by you to examine and report upon 
a specimen of opium submitted by the Secretary of the Treasiiry, here- 
with present their report : 

In view of the fact that a number of methods for the estimation of 
the morphine in opium have been described, it seemed to the committee 
desirable to make a few comparative experiments on these methods, in 
order that they might be in a position to form an independent jndg- 
ment regarding the relative value of these methods. Accordingly, the 
services of Mr. I. H. Kastle, of the Johns Hopkins University, were 
engaged, and the experimental part of the inquiry was made by him 
under the direction of the committee. 

The methods examined were : 

1. That of the United States Pharmacopoeia. 

2. Pliickiger's method. 

3. Squibb's modification of Fliickiger's method. 

4. Stillwell's modification of the Fliickiger-Squibb method. 

5. The so-called *< Helfenberg method" devised by Dietrich. 

In the Pharmacopoeia method, the opium is triturated with lime and 
water, and water is then added to make up a certain volume. After 
standing for half an hour, enough of the liquid is filtered to make 5Q 
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10 centimeters. To this, 5 cubic centimeters alcohol and 25 cubic 
Umeters ether are added, and the mixture shaken. A small qnan- 
of ammonium chloride is then added, and the mixture, after beiug 
[ shaken, is set aside for twelve hours. The details of the filtering 
)ess need not be given here. 

Ittckiger's method* dispenses with the lime. In other respects it is 
unlike the method of the PharmacopcBia. In each estimation, 80 
ns water are used, and for the precipitation of the morphine, only 
grams of the filtrate are taken, the assumption being made that 
portion contains just half the morphine. 

luibbt found that the assumption that half the morphine is con- 
ed in 42.5 grams of the filtrate, when the method of Fliickiger is 
1, is not justifiable; and he describes in detail | a modification of the 
hod of Fliickiger by which all the filtrate is used, and great care is 
)n to secure complete extraction of the morphine. Squibb objects 
le methods which depend upon the use of lime, because they do not 
oughly exhaust the morphine, and to the use of an aliquot portion 
le filtrate, for the reason stated above. 

iillwell§ has further modified the method of Fliickiger. He recom- 
ds for washing the precipitate of morphine the use of two liquids, 
5h he calls " morphiated spirit" and " morphiated water." The first 
lie "by mixing one part of ammonia solution, specific gravity 0.880, 
. twenty parts of alcohol, and saturating with morphia." The second, 
saturating water by long shaking with excess of morphia."* The 
ct of using these solutions is to prevent loss of morphine during the 
ling. 

ietrich's method || is as follows: Six grams opium is macerated in a 
:ar with 6 grams water. This is brought into a flask, and the liquid 
:ed with water to 54 grams. 'The whole liquid is macerated with 
nent agitation for an hour, and then filtered. To 42 grams of the 
ite, 2 cubic centimeters normal ammonia are added, and the liquid 
red at once. Thirty-six grams of this filtrate correspond to 4 grams 
m. This quantity is mixed with 10 grams ether, and 4 grams nor- 
ammonia added. Aft<er five to six hours, the ether layer is poured 
n to a filter, and to the opium solution, 10 grams ether added. After 
is i)Oured off, the aqueous solution is poured upon a filter, and the 
: and filter washed with 5 cubic centimeters water saturated with 
>r. 
a applying these methods to an average specimen of opium obtained 

•arm. Journ. : Transactions [3], 10, p. 254. 

phemeris, Vol. I, p. 12. 

oc, oi^,pp. 14-21. 

jnerican Chemical Jonrnal, Vol. VIII, p. 295. 

hann. Centralhalle, No. 43, 1886 ; Helfenberger Annalen, 1886, 40 ; add Phatta^ 

ralhalle, No. 21, 1887. 

H. Mis. 596 3 
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in the market, taking all tlie precautious demanded by the original Hr 
rections, the following results were reached : 





Table I. 








Percentage morphine found. 
Method. 








lUwell. 


Squibb. Flilcki^^er. ' 


Fbarina- 
copoiia. 


Dietrich. 
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On comparing the method of Still well with that of the Fharmacop(Bi% 
using another specimen of opium, the following results were obtained: 



Tahle ir. 



Percentage morphine found. 



al 
iri 



Method. 



Stillwell. 



10.30 



Pharma- 
copd^ia. 

15.14 
15.74 



The marked difference between these results led to a further examin- 
ation of the precipitate obtained by the Pharmacopoeia method, which 
showed that it was far from pure morphine. When treated with hot 
alcohol, a black, insoluble residue was left, and this gave none of the 
tests for morphine. On subtracting the residue in each case from the 
total precipitate obtained, and calculating the remainder as morphine, 
the percentage of morphine in the four experiments which, by the Phar- 
macopoeia method, showed 16.13, 16.19, 15.14, and 15.74 per cent, mor- 
phine, became (1) 9.65, (2) 9.73, (3) 9.08, and (4) 9.17. On comparing 
these results with those obtained by Stillwell's method, it will be seen 
that they are considerably lower. 

In Stillwell's method, the precipitate first obtained is purified by 
treatment with hot alcohol. This dissolves all the morphine, leaving 
the insoluble organic matter and meconate of lime. It is, therefore, cer- 
tain that what is tJiken into account as morphine is this substance. In 
Squibb's method, this precaution is not taken. The difference between 
the results obtained by the two methods is, however, not large, as the 
error duo to the presence of impurities in the precipitate is partly com- 
pensated for by loss due to the metliod of washing. 
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foand that the time required for making estimations by Still well^s 
an be materially shortened, without interfering with the accu- 
briturating the opium at first with a small quantity of water in 
. Three estimations were made by the method as described by 
These gave, respectively, 11.47, 11.63, and 11.38 per cent. 
^ One estimation made with the same opium, first triturating 
described, gave 11.41 per cent, morphine. 
\ been repeatedly shown by others, the method of FlUckiger 
ults which are too low. Our experiments show, further, that 
s method does not give all the morphine contained in some 
of opium, particularly such as yield a magma with water 
ters with extreme slowness. The results recorded in Table I* 
> 0.7 per cent, lower than those obtained by Stillwell's method, 
ering all the facts, we conclude that of the methods for the 
•n of opium thus far described, that of Stillwell is in every way 
satisfactory, and we also find that the time necessary for an 
n by this method may be materially shortened by slightly mod- 
B first process of extraction, as follows: 

ite the opium in a porcelain mortar with 25 cubic centimeters 
itil a uniform paste is formed. Then bring this into a flask 
•ut 75 cubic centimeters water, cork tightly, and shake vigor- 
half an hour; filter and proceed as recommended by Stillwell. 
^ thus reached a conclusion in regard to the value of the avail- 
[lods, we made three estimations of morphine in the sample of 
bmitted by the Secretary of the Treasury, using the Stillwell 
nrith the slight modification above suggested. The results ob- 
e given below: 

tage of morphine found in the specimen of opium submitted by 
jtary of the Treasury, 12.21, 12#09, and 12.19 per cent; average 
cent. 

aount of water in the specimen was also estimated, and found 
:periments to be 18.81 and 18.67 per cent, 
dum examined is a thick, black, semifluid mass. 
5tfully submitted. 

Iea Bemsen, Chairman, 
Geoege F. Barker. 
Charles F. Chandler. 
MORE, August 16, 1887. 
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REPORT ON SUGAR DETERMINATIONS. 

[ CORRESPONDENCE. ] 

Yale College, 
Ifew Haven, Conn.^ December 30, 1887. 

SiB: I have the honor to transmit to- yoa herewith a report on certain 

standard qaartz plates used in the classification of sugars for duty, 

piade by a committee of the National Academy of Sciences, in compli- 

, ance with the request contained in your communication of June 17, 

1887. 

Very respectfully, 

O. G. Mabsh, 

President of the National Academy of Sciences, 
Hon. 0. S. Faibohild, 

Secretary of the Treasury. 



Teeasuby Depabtment, 
Washington, D. C, June 17, 1887. 

Gentlemen : Certain questions connected with the classification of 
imported sugars are now under consideration by this Department. It 
becomes necessary that three standard quartz plates used by appraisers 
in determining the saccharine strength of sugars whereby its classifi- 
cation for duty is made, be tested with a view to ascertain their exact 
measurement, angle, and ray. I will thank you to inform me if the 
necessary test can be made by your Academy, and, if so, upon receipt 
of your reply, the plates will be forwarded to such address as you may 
indicate. 

Respectfully, yours, 

C. 8. Faibohild, 

Secretary, 
The National Academy of Sciences, 

Washington, D. C. 



Yale CoLLEaE, 
New Haven, Conn., June 28, 1887. 

Sib : Your communication of June 17, inquiring if the National Acad- 
emy of Sciences would undertake the examination of the standard 

•SI 
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qnartz plates used in the classification of sngars for daty^ reached me 
today. 

In reply, I have the honor to say that the Academy will undertake the 
proposed investigation, and I have appointed Prof. A. W. Wright, of 
Yale University, to saperintend the work. If you will have the plates 
forwarded to him at Kew Haven, Conn., the investigation will be com- 
menced without delay. 
Very respectfully, 

O. C. Marsh, 
President of the National Academy of Sciences. 
Hon. C. S. Fairchild, 

Secretary of the Treasury. 



Yale College, 
New Haven^ Conn.j June 28, 1887. ; 

Sib : I inclose a communication from the Secretary of the Treasury, 
dated June 1,7, 1887, inquiring if the IN'ational Academy of Sciences 
would undertake the examination of the standard quartz plates used in 
the classification of sugars. 

I have informed the Secretary that the Academy will undertake the 
proposed investigation, and I have requested him to send the plates to 
you, whom, as chairman of the committee, I have appointed to super- 
intend the work. 

Your colleagues in this investigation will be Prof. Edward S. Dana, 
and Prof. Charles S. Hastings of Yale College, and it will b^ a favor to 
the Department if you can complete the examination at an early day. 

The proper province of the National Academy is not merely to make 
a technical examination in a case of this kind, but, likewise, to bring 
out the scientific principles involved, as a basis for future use, and with 
this idea in viewj I hope you will be able to undertake the work. 
Very respectfully, 

O. C. Mabsh, 
President of the National Academy of Sciences. 

Prof. A. W. Wright, 

Yale College. 



Nevt Haven, Conn., December 29, 1887. 
Sir : The committee appointed by the president of the ^National 
Academy of Sciences, at the request of the honorable Secretary of the 
Treasury, to examine certain quartz plates used in the laboratories of 
the United States appraisers' offices in Boston, New York, and Philadel- 
phia, respectfully report that they have completed the examination and 
measurement of these plates, and submit here\^it\i ttie x^^vnWa Q\^t&\ii<^ 
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[; hf them, together with an account of the methods employed, and of the 
iiiBtraments and processes made use of in the dififerent stages of the 
work. 

Very respectfully, your obedient servant, 

Arthur W. WBianx, Chairman. 
Prof. O. 0. Marsh, 

President of the National Academy of Sciences. 



REI>ORT. 



The committee have made an examination of six quartz plates sent to 
the chairman by order of the Secretary of the Treasury, from the ap- 
Pi^isers' offices of Boston, New York, and Philadelphia. The plates 
^fe ased in adjusting the saccharimeters employed in the determination 
^f the saccharine strength, or degree of purity, of imported sugars, upon 
^hich depends the classification of such sugars iuto different grades 
*br doty. The use of the saccharimeter is founded upon the property 
Of cane sugar, that when a ray of plane-polarized light is passed through 
^ solution of it, the plane of polarization of the ray is turned to the 
l^ght, and the angle through which the plane is turned iu a column of 
the solution of given length is proportional to the strength of the solu- 
t:iony or, in other words, to the amount of sugar contained in it. The 
^ame property is found in quartz, for a ray transmitted through it in 
tihe direction of the crystalline axis, and the variety of quartz known 
Cis right-handed, turns the plane of polarization to the right, and the 
umoant of the turning for light of different wave-lengths, or the dis- 
persion, is very nearly the same as for cane sugar, and is proportional 
to the thickness of the crystalline plate. Each plate bears a number 
representing the exact percentage which a column of sugar solution of 
a certain length bears to a standard sugar solution of the same length 
under certain standard conditions, when it rotates the plane of polari- 
zation to the same degree as the quartz plate. Hence, when placed in 
the saccharimeter, it may be, and is, used to determine the exactness 
of the scale of the instrument, or for adjusting it when not properly 
set. As an error in the setting affects all subsequent measurements 
made with the instrument, the importance of a correct determination of 
the exact value of the quartz relatively to a standard sugar solution is 
. evident. 

I.— Description of the quartz plates. 

Of the six quartz plates, three were received by the committee early 
in July, and these bore the numbers 54.5, 99.1, and 99.1-3. During the 
first week of September, three others were received, bearing the num- 
bers 50.8, 96.0, and 98.8. In the following paragraphs, they are desig- 
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Dated by the numbers simply, and in the order of their namaifial 
valae. 

No. 50.8. — This was a portion of a broken plate, and was in three 
fragments, the largest of which comprised the central portion of the 
plate, and was amply sufficient for the examination. It was simply 
mounted loosely in an ordinary sugar tube. The number was marked 
upon the end of this tube. 

"So. 54.5. — A circular plate, 15 millimeters in diameter, mounted in a 
blackened brass tube, 30 millimeters in diameter and 38 millimeters 
long. At about the middle of one side of the tube, a short brass pin, 
or plug, was inserted, the mark number being engraved in the metal 
near it. 

No. 96.0. — A circular plate, 15 millimeters in diameter, mounted in a 
polished and lacquered brass tube, about 125 millimeters long, and 
having at each end a flange of the same diameter as that of an ordinary 
sugar tube, for supporting it in the proper position in the saccharime- 
ter. The number is marked in the flat surface at the end of the tube 
where the plate is inserted. 

!N'o. 99.1. — A circular plate, 15 millimeters in diameter, not mounted. 
The value 99.1 is not marked upon the plate, but was communicated 
to the committee in a letter from the appraiser. 

No. 99.1-2. — A circular plate, mounted like No. 96.0, having substan. 
tially the same dimensions, and marked upon the end surface in the same 
manner. 

No. 98.8. — A circular plate of the same size as the preceding, mounted 
in a rather heavy brass tube, which was polished and lacquered. The 
tube, 30 millimeters in diameter and about 125 millimeters long, has a 
X)in on one side, like No. 54.5. The mark is scratched upon the end sur- 
face of the tube. 

II.— Thickness of the plates. 

The thickness of each of the quartz plates was measured with a spher- 
ometer with great care. Independent series of measures were made by 
two members of the committee with substantially identical results. 
They are given herewith, and may be considered accurate to the thou- 
sandth part of a millimeter. They represent the thickness at the center 
of the plate, which is approximately the mean thickness of the whole 
plate : 

Millimeters. 

No. 50.8 0.813 

No. 54.5 0.875 

No. 96.0 1.537 

No. 98.8 1.576 

No. 99.1 1.589 

No. 99.1-2.... 1.585 

The rotation of the plane of polarization by a quartz plate of given 
thickness, cut perpendicularly to the axis, has been determined with 
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great precision by several different physicists. Mascart,* from a series 
of very accurate measures, deduces the value 210.73, for the angle of 
rotation of the plane of polarization for the rays from a sodium flame, 
for a thickness of 1 millimeter, and states that this value is correct to 
one part in two thousand, or one unit in the la^t decimal place given, 
at the temperature of 15^ C. Oovet and Sarasin t give the value 21^.727, 
for 20O O. Von Lang| found the value 210.727, at about 21© O. 
These observations were made with long columns of quartz, and the re- 
salts may be accepted as correct The number 210.73 may be taken as 
the most accurate value for 20^ G. The direction of the ray in all these 
experiments was very accurately parallel to the crystalline axis. 

For thinner plates, of from 1 to 2 millimeters in thickness, the com- 
monly accepted value, for 20^ C, is 21^.67 per millimeter,§ which is 
founded upon the determination made by a number of different ob- 
servers. The difference is perhaps due to a change in the constitution 
of the substance of the crystal near the surface, made in polishing, or, 
more probably, to the fact that these plates will rarely, if ever, accu- 
rately fulfill the conditions of perfect parallelism of the surfaces and per- 
X)endicularity of the crystalline axis. The number is probably too small, 
but, as will be mentioned further on, these thin plates give different 
values according to their position. 

Were the rotation of the ray strictly proportional to the thickness of 
fhe plate, its value could be readily deduced from the measurement of 
the thickness by the use of the above data. As they were found, how- 
ever, to give results varying among themselves, as well as less accurate 
than those obtained subsequently by a different process, this method 
was abandoned as unsuited to the requirements of the problem. 

III.— EOTATIONS. 

For the measurement of the rotation of the plane of polarization the 
following instruments were used: (1) A pair of Nicol's prisms, one of 
which was stationary, and the other mounted in a graduated circle, the 
quartz plate being placed between the two, perpendicular to the line of 
coUimation. The rotation was measured by the extinction of the light, 
or by the use of a bi-quartz or bi-selenite plate as an indicator. (2) A 
Laurent polarimeter, or saccharimeter, large model, having a circle 184 
millimeters in diameter, graduated around the entire circumference, 
reading directly by a vernier to intervals of two minutes of arc, and 
readily allowing measurements to one minute of arc. The circle was in- 
vestigated for the determination of its errors, and found to be perfect 
within the limits of possible accuracy of reading. (3) A polaristrobom- 
eter of Wild, reading by a vernier directly to tenths of degrees, and by 

*Annale8 Sci. de I'^cole Normale. Deuxibme s^rie. Tom. I, p. 209. 
t C. R., Tom. 83, 1876, p. 819. 

; Sitzangsb. Akad. der Wissenschaften, Wien, Bd. LXXIV, p. 213. 
$ Landolt. Das Opt. Drehangsvermogen Organ. Sabf^t)a»\vL^\i<^'^« ^^.« 
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estimation readily giving differences of one-twentieth of a degree. The 
light of the sodiam flame was employed in all the observations. The 
values for the rotations determined by the different methods, thouglk 
agreeing fairly well with each other as respected any particular plate^ 
proved to vary in a manner different from the thickness when the differ- 
ent plates were compared with each other. It was also found that the 
same plate gave different results, according to its position in the instru- 
ment, and, further, that the values obtained were dependent, in some 
measure, upon the instrument employed. This was found to be the effect 
of defects in the plate. A plate cut perpendicular to the axis, and with 
surfaces accurately parallel and plane, when placed perpendicular to the 
incident ray, could give but one value for the rotation angle. None of 
the plates examined fulfilled these two conditions accurately, and in 
some of them, the divergencies were considerable. In all of them, the 
surfaces are inclined at a small angle to each other, so that the thickness 
in different parts of the same plate is perceptibly different. In the case 
of the plate 50.8, the difference amounted to some six one-thousandths 
of a millimeter, or about eight- tenths of 1 per cent, of the whole value. 
In the plate 98.8, it amounted to nearly twelve one-thousandths of a 
millimeter, or nearly the same percentage of the total thickness, as in the 
case of 50.8. In 9G.0, it was four one-thousandths of a millimeter. 

As the rotation is proportional to the thickness, it is evident that the 
value of the rotation angle would be different in different parts of the 
I>late, and that in all instruments using a divided field for the indicator, 
as a bi-quartz, or a half-shadow arrangement, the value would be af- 
fected by the position of the thicker and thinner portions relatively to 
the two halves of the field. 

Another cause of variation is to be found in the fact that the crystal- 
line axis of the plate does not lie in a line perpendicular to the surface, 
and thus is not parallel to the ray traversing the plate. The effect of 
this is, that the ray issuing from the crystal is no longer plane-polarized, 
but is polarized elliptically. This causes a variation of the rotation of 
such a character that it will increase it in one position of the plate and 
diminish in another position, such as would be found by turning the 
plate 90^ about its axis. All the plates showed this effect somewhat, 
but in 99.1 and 99.1-2 it was very slight. It was especially marked in 
96.0. 

As in all cases, both the defects mentioned above co-existed in the 
same plate, though in different degrees, the results found for the sepa- 
rate plates do not follow the same law for the various positions of the 
plate relatively to the plane of polarization of the incident ray, and, as 
remarked above, the value obtained for the same position of a plate 
would vary somewhat with the instrument employed for the measure- 
ment, especially in the case of light polarized elliptically. 

For these reasons, the value of the rotation obtained in any single case 
would be without significance, unless referred to the position of the 
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plate, and the mean valae of the rotation for a particular plate would 
of little practical use in determining its value in the saccharimetor 
it is ordinarily used, since it would necessitate for its application the 

xxiaking of numerous series of tedious measurements. 

In consequence of the want of satisfactory agreement between the re- 
sults obtained from the measurements of the thickness, and those de- 
:E-ived from the rotation, dependent upon the variations in the form of 
^he plates, a method was adopted, which, though requiring a great num- 
Iber of laborious determinations for each plate, had the advantage of 
rftimishiug values under conditions similar to those which prevail in 
"iiheir practical use with the saccharimeter, and of indicating a means of 
oecnrlDg for each one a constant and accurate value. A saccharimeter 
<yf the same form as that used in the laboratories of the United States 
appraisers' offices was employed, which had been constructed in the 
atelier of Dr. Scheibler, of Berlin. As the value of the divisions of the 
scale of the instrument and its adjustment must be accurately known, 
a direct determination was made of different points of the scale, by 
comparison with the values of columns of different lengths and different 
degrees of concentration of solutions of pure sugar in distilled water. 

(1) Preparation of pure sugar. — A quantity of crystallized sugar candy 
was dissolved in about one-half its weight of distilled water, and the 
hot solution was filtered. Absolute alcohol was added to the sirup thus 
obtained, and the mixture stirred until precipitation was complete. A 
small quantity of distilled water was then added to dissolve the finer 
portions of the precipitate, and after a very brief interval, the liquid 
was poured off, leaving the sugar in a finely granulated condition, facil- 
itating thorough washing. This was then transferred to a clean filter, 
and washed, first with alcohol coutainiDg a small proportion of water, 
and finally with copious affusions of absolute alcohol. After draining 
the sugar was thoroughly dried at a gentle heat. 

(2) The sugar flasks, — Four sugar flasks, of the kind ordinarily used 
and of the nominal capacity of 100 cubic centimeters, were used. Their 
actual capacity when filled to the mark with distilled water was deter- 
mined by means of the balance, the weighing being corrected for the re- 
duction to a vacuum, and for the temperature of the water. The values 
found showed that the flasks had been graduated without applying 
these corrections. The capacity of the flasks having been thus care- 
fully determined, the amount of sugar to be used with each one was 
computed, applying the reduction to the weight in a vacuum, and on 
the basis of 26.048 grams of sugar to 100 cubic centimeters of distilled 
water at 17.5° C. The weight thus determined, or a suitable fraction 
of it, was used in the subsequent experiments. 

(3) TJie sugar tubes. — The tubes accompanying the instrument were 
found to be inaccurate, the 200-millimeter tube being too lon^ by o^bc^^t 
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0.25 millimeters, and the lOOmillimeter tube haviog its ends oblique t/^ 
the axiSy and not parallel. The latter was of brass, and was remedi^^ 
by cutting oat the brass tabe and substituting one of glass, and the'^ 
both tubes were cai*efully ground to the accurate length of 200 miH:^ 
meters and 100 millimeters, respectively, by comparison with an accural 
standard meter bar, and great care was taken to make the ends flat 
perpendicular to the axis. 

(4) Determination of the scale values of the Scheibler instruments- 
Standard solutions having been prepared, under the conditions abov^^ 
described, the tubes were filled, and the values determined with th( 
saccharimeter, at a temperature of 20^ C, or one varying from this 
slightly as to make correction unnecessary. The scale of the instru- 
ment was found to be sensibly correct at 100.0; at 50.0, it read too 
high by 0.08 division, and at 37.5, too high by 0.05 division. These 
corrections were applied in the measurements of the quartz plates. 
Other points of the scale were verified in like manner. The results for 
the tubes in the different cases were checked by measuring the rotations 
with the Laurent instrument, and computing the corresponding values, 
with a very satisfactory agreement in each case. 

v.— Measurements and results. 

The results obtained in the previous work had shown very clearly 
that the value of a quartz plate is a function of its position relatively 
to the plane of polarization of the incident light. It became necessary, 
therefore, to determine whether the number accompanying each plate 
fell within the range of the variations in its value in different positions. 
The method of procedure was as follows : The tube holding the plate 
was placed in the instrument, the quartz being toward the light, that 
is, away from the observer. The pin, or the number stamped or en- 
graved on the tube, served as a mark for the position. The mark being 
at a certain point, a series of readings was made, never less than five, 
often ten or twenty; then the tube was turned about its axis through an 
angle of 45 degrees, and the operation repeated. The value of the 
plate was thus derived from a very large number of readings. The 
means of the results thus obtained were then used to plot a curve show- 
ing the variation, and this was used to determine the proper position 
of the tube and quartz plate in actual use. The results obtained with 
each plate are given in the following paragraphs. It is to be under- 
stood that in every case, the tube carrying the quartz plate is so placed 
that the latter is toward the end of the instrument at which the light 
enters. 

50.8. — This is the broken plate, and it is understood that it is no 
longer in use. From its fragmentary condition, the proper position is 
not easily assigned, but if the line drawn between the opposite angles 
in the direction of its greatest length is placed vertically, and then the 
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li^p is turned about 45 degrees toward the left of the observer, it will 
laave very nearly the value 50.8. The plate is strongly -wedge-shaped, 
cuid its value may vary from about 50.6 to nearly 51.0 in different>posi- 
"ftions. 

64.6. — ^Ihis plate has the value 54.5 when the pin upon the tube is at 
^he top, that is, so that the diameter of the tube passing through the 
pin is vertical. This plate is also very variable, the range being two- 
tenths of a scale division when it is turned through 180 degrees about 
its axis. 

96.0. — ^This plate has the value 96.0 when placed with the mark at the 
top, and turned about 20 degrees to the right of thjB observer. It will 
have the same value if the tube is reversed, with the quartz plate near- 
est the observer, and the mark at the top in a vertical diameter. This 
plate has well-marked elliptical polarization, showing that it is not cut 
perpendicularly to the crystalline axis, and its value ma^ vary through 
a range of some two and a half tenths of a scale division, for 180 degrees 
change of position, from 95.95 to nearly 96.2. 

98.8. — ^This has the value 98.8 when placed with the pin at the top of 
the tube, in a Vertical diameter. Its variation is less than the preced- 
ing, amounting to about one and a third tenths of a scale division, for 
180 degrees change of position, or from 98.67 to 98.8. 

99.1. — ^This plate was not mounted. The mark used in fixing its po- 
sition is the larger of the two nicks at the edge, and it must be placed 
with the side having this nick nearest the light. Some minute marks 
made with a diamond near it will serve to distinguish it. The plate 
should be placed with the mark at the top, and turned about 20 degrees 
toward the right of the observer, from a position in a vertical diameter. 
The number 99.1 is the minimum value of the plate, and it may change 
to a little more than 99.2 as the plate is turned 180 degrees around its 
axis. The mean value of the plate for all positions is very nearly 99.16. 
99.1-2. — ^This plate has the value 99.15, corresponding with the marked 
value, when the mark is placed at the bottom, in a vertical diameter. 
This is very nearly its maximum value. With the mark at the top, its 
value is 98.92, which is nearly the minimum rate. The mean value of 
the plate for all positions is nearly 99.05. 

The values above given are for the temperature of 20^ C, the stan- 
dard temperature for observations of this kind. If the quartz plates 
are used at temperatures differing considerably from this, correspond- 
ing corrections must be applied. 
BespectfuUy submitted. 

Aethue W. Weight, Chairman^ 
Edwaed S. Dana, 

Chaeles 8. Hastings, 

Committee. 
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^^jPOBT ON THE INTEBNATIONAL ASTRONOMICAL C0NGBES8, HELD 

TN PARIS, APRIL, 1887. 

[correspondence. ] 

The National Academy of Sciences, 

Washington^ D. C, March 28, 1887. 

Sms : Your invitatioD, dated Paris, October 15, 1886, requesting me 
to appoint a delegate from the l^atioual Academy of Sciences to the 
International Astronomical Convention to be held at Paris, April, 1887, 
was duly received. 

In response to this invitation, I have the honor to inform you that I 
have appointed Prof. C. H. F. Peters, director of the Observatory of 
Hamilton College, Clinton, N. Y., as delegate to represent the National 
Academy of Sciences at that convention. 

I remain, with high respect, very truly, yours, 

O. C. Marsh, 
President of the National Academy of Sciences. 
Messrs. Beeteand and Vulpian, 

Perpetual Secretaries of the Academy of Sciences^ Paris, 



National Academy of Sciences, 

Washington^ D. G. March 28, 1887. 
Sir : I hereby appoint you the delegate to represent the National 
Academy of Sciences at the International Astronomical Convention to 
be held at the Observatory of Paris, beginning April 16, 1887, and this 
letter will be your credentials confirming your appointment. 

I have already informed the secretaries of the Academy of Sciences 
in Paris of your selection as delegate, and trust you will be willing to 
represent our Academy, and give the convention the benefit of your wide 
experience in the subjects to be considered on that occasion. 
Very truly, yours, 

O. C. Maesh, 
President of the National Academy of Sciences. 

Prof. C. H. F. Peters, 

Director of the Observatory of Hamilton College, 

47 
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Hamilton CoLLsaE, 
Clinton^ JT. Y.j January 3, 1888. 
Sib : I have the honor to inclose herewith my report on the Inter- 
national Astrophotographical Congress, held in Paris, April, 1887. 
Yonrs, respectfally, 

C. H. F. Petebs, 

Delegate. 
Prof. O. C. Maesh, 

Prerident of the National Academy of Sciences. 



R E i> o R T. 

The Congress of Astronomers, called by invitation of the French 
Academy of Sciences, for considering the realization, by means of photog- 
raphy, of a chart of the heavens, convened in the ^' grande salle" of the 
National Observatory at 2 p. m., April 16, and was opened under the 
presidency of Monsieur Flourens, Minister of Foreign AfEstirs. 

There were present in all fifty-seven pfiembers; thirty-six from foreign 
countries, and twenty-one from France. The latter number was com- 
posed of twelve delegates from the Academy of Sciences, viz : Messrs. 
Bertrand, Bouquet, Cornu, Delahaye, Faye, Fizeau, Janssen, Lcevy, 
Mouchez, Perrier, Tisseraud, Wolf j three directors of provincial observ- 
atories, viz: Baillaud, of Toulouse; Eayet, of Bordeaux; Tripled, of 
Algiers ; three representatives of the council of the Paris Observatory, 
viz : Vice- Admiral Clouet, Colonel Laussedat, and Mr. Liard, director 
of higher instruction ; further, the Messrs. Paul Henry and Prosper 
Henry, who as assistants in the Paris Observatory have carried star 
photography already to a high degree of perfection, and Mr. P. Gau- 
tier, the renowned constructor of instruments of precision. 

The names of the foreign members, representing fifteen different na- 
tionalities, may here follow in alphabetical order : 

A. Auwers, Berlin. B. Gautier, Geneva. 

H. G. van de Sande Bakhuij- D. Gill, Cape of Good Hope. 

zen, Leiden. H. Gylden, Stockholm. 

P. Beuf, La Plata (Buenos B. Hasselberg, Pulkowa. 

Ayres). J. C. Kapteijn, Groningen. 

W. H. M. Christie, Greenwich. E. B. Knobel, London. 

A. A. Common, London. A. Krueger, Kiel. 

L. Cruls, Eio de Janeiro. O. Lohse, Potsdam. 

A. £)onner, Helsingfors. Oom, Lisbon. 

N". C. Dun^r, Lund. J. A. C. Oudemans, Utrecht. 

J. M. Eder, Vienna. C. F. Pechyle, Copenhagen. 

W. L. Elkin, N. Haven, Conn. S. J. Perry, Stonyhurst. 

P. Folic, Brussels. C. H. F. Peters, Clinton, K ¥• 



REPORT OF THE NATIONAL ACADEMY OJ* SCIENCES. 49 

C. Pujazon, San Fernando. P. Tacchini, Borne. 

I. Eoberts, Liverpool. J. F. Tennant, London. 

H. 0. Eussell, Sydney, K. S. T. K Thiele, Copenhagen. 

Wales. H. 0. Vogel, Potsdam. 

E. Sphoenfeld, Bonn. B. Weiss, Vienna. 

A. Steinheil, Munich. A. G. Winterhalter, Washing- 
O. Struve, Pulkowa. ton, D. 0. 

After some words of greeting by Mr. Bertrand, the standing secre- 
tary of the Academy of Sciences, Mr. Flourens addressed the Congress, 
bidding welcome in the name of the Government of the French Eepub- 
lic. To this address, Mr. Struve responded for the members. Admiral 
Mouchez likewise bade welcome on behalf of the Observatory, of which 
be is the director. 

Upon proposition of Mr. Flourens, Admiral Mouchez was voted hon- 
orary president, and Mr. O. Struve, of Pulkowa, acting president. 
Meanwhile, a preliminary programme, prepared by early-arrived mem- 
bers in caucus on the preceding days, had been distributed, and the dis- 
cnssion began. 

In this first general session, the following principles were agreed 
upon : 

(1) The progress made in astronomical, photography demands that 
the astronomers of our time undertake in common the description of 
the heavens by astrophotographical means. 

(2) This work is to be done at stations to be selected, with instru- 
ments that, in tbeir essential points, ought to be identical. 

(3) The aim is (a) to make a general photographical chart of the 
heavens for the present epoch, and to obtain the data which shall 
permit fixing the positions and the magnitudes of all the stars down to 
a certain class with the greatest possible precision ; (b) to provide the 
best means for utilizing, for the present epoch as well as for the future, 
the data furnished by the photographical process. 

The Congress nominated thereupon a " comit6 technique ^ for con- 
sidering and making a report upon the construction and the dimensions 
of the instruments that should be employed, and upon the limit of pho- 
tographic magnitudes that should be obtained. The following mem- 
bers were elected to constitute this committee, viz: Auwers, Bakhuij- 
sen, Christie, Common, Dun^r, Fizeau, Gill, Paul Henry, Janssen, 
Kapteijn, Bcevy, Peters, Eayet, Koberts, Struve, Tacchini, Thiele, 
Vogel, Weiss. I wish to state here that the original list, made up by 
the caucus, showed the name of Mr. Eutherfurd (the caucus having 
received the information that Mr. Eutherfurd would be delegated by 
the National Academy), for which, on the proposition of Mr. Gill, mine 
was substituted. It is, indeed, to be regretted that the representative 
men of astrophotographical science in the United States, Messrs. Euth- 
erfurd and Pickering, were not present. 
H. Mis. 59G 4 
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A meeting of tbe technical committee was held on Monday, April 19, 
and the matter that naturally first offered itself for consideration was 
the qaestion, whether reflecting telescopes or refractors sboold be used. 
With the former kind of instruments, the most excellent pictures have 
been produced (as, for example, the unsurpassed picture of the nebula 
of Orion by Mr. Common), and reflectors have the advantage of being 
free from chromatic aberration. But the difficulty of keeping the specula 
always of good polish, and the almost impossibility of giving and main- 
taining the reflecting power equal for all the co-operating instruments, 
led to the adoption, by unanimity, of the refractor. Thereupon, the 
limit of stellar magnitude and the dimension of the telescopes were 
discussed by the technical committee, whose recommendations were 
accepted by the general session, on the following day, in the following 
terms: 

(1) The instruments to be employed shall be refractors throughout. 

(2) The stars shall be photographed to the fourteenth magnitude, in- 
clusive, with the reserve that the photometric value of this magnitude 
shall be fixed definitely at a future occasion. 

(3) The aperture of the objective shall be 0.33 millimeters (about 13 
inches), and the focal distance about 3.43 millimeters (135 English 
inches), so that 1 minute of arc be represented approximately by 1 
millimeter. 

In the same general session, it was resolved to divide into two sec- 
tions : the astronomical and the astrophotographical. 

The conclusions arrived at in the sections were reported in the gen. 
eral session of Saturday, April 23, and the points, as they were adopted, 
are the following : 

A. — Resolutions of the astrophotographical section. 

(1) Observers are at liberty to have their object glasses made by any 
artist they desire, provided the general conditions prescribed by the 
Congress be fulfilled. 

(2) The corrections for aplanetism and achromatism of the object 
glasses shall be calculated for rays near to the ray G of Fraunhofer. 

(3) All plates shall be prepared after one and the same formula, to 
be determined nearer hereafter. 

(4) These plates must be examined always in regard to their sensi- 
bility for the different rays. 

(5) Questions in regard to preservation and reproduction of the 
negatives can not, in the opinion of the section, be solved at present, 
and should be referred to a special committee. 

(6) The same is the case in regard to the determination of the photo- 
graphic magnitudes of the stars. 

(7) (Additional) The resolution 2, above, regarding the aplanetism 
and the achromatism of the objectives; means to say that the minimum' 
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focal distance be that of a ray near G, with the view to attain the great- 
est sensibility of the photographic plates. 

(8) The objectives are to be so constracted that of the field at least 
lo from the center can be utilized. 

(9) In order to gaard against sparious stars and little spots that 
might exist on the plates, two series of negatives should be made for 
the whole heavens. 

(10) The two series to be made in such a way that the image 6f a 
star at the edge of a plate in the first series be as near as possible at 
the center of a plate in the second series. 

B.— EESOLUTIONS OP THE ASTRONOMICAL SECTION. 

« 

(1) Besides the two photographs that are to give all the stars to the 
fourteenth magnitude^ inclusive, there is to be made a series with shorter 
exposition, in order to secure a greater precision in measuring micro- 
raetrically the positions of the reference stars, and to permit the con- 
struction of a catalogue. 

(2) The supplementary negatives, serving for the construction of the 
catalogue, ought to include all the stars of the eleventh magnitude. 

(3) Each photographic plate, serving for the formation of the cata- 
logue, must be accompanied by all the data necessary for its orientation 
and scale value, and as much as possible these data are to be found 
inscribed upon the plate itself. 

Each plate of this kind to carry a well- centered copy of a system of 
reference lines, derived from a reticle, and serving to eliminate the errors 
that may originate from a later deformation of the sensitive layer. 

(4) These auxiliary reference lines in the negatives that are taken for 
the formation of the chart are reduced to a minimum. 

(5) The tubes of the photographical instruments should be constructed 
of a metal the most favorable for obtaining an invariable focal plane, 
and should carry a graduation for determining and regulating the posi- 
tion of the plates. 

(6) The selection of the stars of reference is left to an executive com- 
mittee. 

(7) To the same committee is left, also, the question about the methods 
of measuring, and of converting the measured figures into right ascen- 
sions and declinations for the epoch of 1900. 

This committee will have to occupy itself in the first place with the 
study and application of the measuring instruments that can give at 
pleasure rectangular or polar co-ordinates, etc. 

(8) The fitting together of the plates will be obtained in conforming 
to the resolution adopted by the astrophotographical section. 

In the same general session, as preliminary to the distribution of the 
work, a rather informal survey was made to ascertain which observa- 
tories might be counted upon as co-operative in photographing the 
chart. Very few only were ready, of course, to give positive assurance, 
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as the appropriation for the apparatus depended upon tlie respective 
govemmeuts. In this respect, mention must be made of the liberal act 
of the Emperor of Brazil, who, in the same days when the Congress was ^ 
in session, notified Mr. Oruls by cablegram that the observatory of Eio '^ 
de Janeiro was to participate, whatever the cost of the instruments. 
Upon inquiry by one of the members, Messrs. Tripled and Loevy gave ^ 
the information that the price of a telescope of the kind required by the 
resolution would be about 40,000 francs ($8,000), and the working ex- 
penses were estimated at not exceeding 2,000 francs ($400), apart from 
the employment of an assistant. 

The general principles and the ways and means to be recommended 
for securing uniformity in the international enterprise being thus agreed 
upon by the Congress, it seemed now desirable to elect a permanent 
executive committee, partly for arranging certain details that needed 
still some preparatory investigation, and partly for exercising a certain 
fiyupervision, reporting annually the progress of the work, maintaining 
intercourse with the different observers, and giving advice when re- 
quested. If, during the next year, as is at least not impossible in the 
process of photographing, some further notable improvements should 
come to light, the committee would have to see to it that they be 
adopted. 

In order to make apparent, in some way, the vastness of the under- 
taking, it will not be amiss to remark here that, assuming the field of 
the telescope to be about one degree and a half, over sixty thousand 
plates will be required for re-producing the entire celestial vault in the 
three series of photographs proposed by the Congress. If, then, twenty 
observatories be participating in the work, and each of them could 
furnish on the average four hundred plates annually, we may estimate 
the whole photographic work to be finished in about eight years, cer- 
tainly not in less. To measure off the plates, and to arrange the star 
catalogue, will require, of course, a much longer time. 

In the closing general session, on Monday, April 25, after an exchange 
of opinion as to name, attributes, duties, etc., it was decided to nominate 
a permanent committee, consisting of 11 members to be elected, and of 
the directors of all observatories that participate in the photographical 
work. The following gentlemen received the highest number of votes : 
Messrs. Gill, Christie, Vogel, Weiss, Struve, Loevy, Tacchini, Prosper 
Henry, Dun6r, Janssen, Pickering. The directors of observatories 
that, on the spot, could make a definite engagement to participate, were 
Baillaud, of Toulouse; Beuf, of La Plata; Cruls, of Eio.de Janeiro ; Mou- 
chez, of Paris; Eayet, of Bordeaux; and Tr6pied, of Algiers. 

Thanks were voted to the French Government, to Admiral Mouchez, 
and to the presiding officer, Mr. Struve, whereupon the Congress ad- 
journed sine die. 

The greatest courtesy ever characterized the discussions in the ses- 
sions. To the foreign members, the hospitable amiability peculiar to 
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te French Dation was manifested everywhere, and a viAit of tlie Con- 
KMBS to the astrophysical observatory of Mr. Janssen at Mendon will 
flmBjB be among our most pleasant recollections. 
Bespectftilly submitted. 

0. H. F. Petees. 

lOTOHFIBLD OBSEBYATOBY OF HAMILTON COLLEGE, 

CUntofi, N. Y.f December^ 1887. 
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1878 ; the second was a scientific session, in Kew York, N^ovember 5tli 
to 8th ; and the third was a special session, in jS^ew York, November 
6th, 1878. 

STATED SESSION. — HELD IN WASHINGTON CITY, APRIL 16TH TO 

19th, 1878. 

The Washington session was hekl in the Smithsonian Institution, and 
was presided over by the President, Professor Henry, who gave a short 
opening address, and another at the close of the meeting. Forty-six 
members were in attendance, and a number of other scientific men were 
present by invitation. At this session the following pax)ers were read 
and discussed : 

Titles of papers read at April session. 

Agassiz, A. — Formation and structure of Alacrane Eeef, on the Yuca- 
tan Bank. 

Ferrel, Wm. — The theory of water-spouts. 

Hall, A. — Keport on the orbits of the satellites of Mars. 

Pumpelly, K. — The relation of loess and drift to secular disintegration. 

Packard, A. S., Jr. — The characteristic invertebrate forms of the cen- 
tral zoo-geographical province of the United States. 

Hilgard, J. E. — On an optical ocean salinometer. 

Agassiz, A. — Preliminary report on the deep-sea dredgings of the 
United States Coast Survey steamer Blake, during the past winter, in 
the Gulf of Mexico and in the Gulf Stream. 

Davidson, G. — Abrasions on the northwest coast of America. 

Gibbs, W. — On the law of Boyle and Mariotte. 

Alvord, B. — Abstract of memoir on the intersection of circles and the 
intersection of spheres. 

Guyot, A. — Biographical memoir of Louis Agassiz ; 2d part. Eclating- 
to his life and woi-k in America. 

Packard, A. S., Jr. — Biographical memoir of Jeffries Wyman. 

iS'ewcomb, S. — Plan for measuring the velocity of light. 

Norton, W. A. — On the force of effective molecular action. 

Peters, 0. H. F. — On the value of the results obtained for the solar 
parallax from the English telescopic observations. 

Cope, E. D. — On the vertebrate fauna of the Permian period of the 
United States. 

Draper, H. — Keport of progress on the subject of oxygen in the sun. 

Pickering, E. C. — Photometric comparison of the components of close 
double stars. 

Hay den, F. V. — On the duplication of geographical names. 

Langley, S. P. — Characteristic of some of the lower spectral lines. 

Smith, J. L. — A new element of the Cerium group. 

Gill, T. K. — On the primary zoo-geogTaphical divisions of the globe and 
their relations. 

Cones, E. — Mr. Wallace and Mr. Allen on geographical distribution, 
with special reference to the alleged distinctness of the nearctic region. 

Eilej", C. Y. — On the laws governing the movements of the Kocky 
Mountain locusts. 

Le Conte, Joseph. — On the structure and origin of mountains, with 
special reference to recent objections to the contractional theory. 

Pickering, E. C. — Photometric measures of certain faint stars and 
planets. * 
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Loomis, E. — Contributions to meteorology. 
Gilbert, G. K. — Eecent displacements in Utah. 

Alexander, S. — Supplementary notice on the paper " Whence came the 
inner satellite of Mars,'' read at the October session, 1877. 

During the session Mr. Thomas A. Edison exhibited to the academy 
his phonograph and carbon telephone, communicating with the latter 
through one of the Western Union telegraph wires with the central office 
of that company in Philadelphia, and members'of the academy holding 
conversation with Mr. Henry Bentley of that city. 

REPORTS TO GOVERNMENT. 

The president informed the academy that three reports to depart- 
ments of the government, in response to applications, had been made 
during the past year, as follows : 

1. At the request of the Treasury Department," On Demerara sugars,'' 
by Mr. Genth. 

2. At the request of the Kavy Department, "On proposed changes in 
the Nautical Almanac,'* by Messrs. J. E. Hilgard, Coffin, A. Hall, Schott, 
Young, Watson, and Peters. 

3. At the request of the Treasury Department, " On the use of the 
polarimeter for determining the values of sugars," by Josei)h Henry. 

ELECTIONS. 

Mr. O. C. Marsh was elected vice-president, and Mr. J. H. C. Coffin 
home secretary ; Mr. Gibbs and Mr. Hilgard having declined re-election. 
The present officers of the academy are as follows : 

Officers. 

Expiration of term, 

; , president 

Marsli, O. C, vice president April, 1884* 

Coffin, J. H. C, home secretary April, 1884. 

Barnard, F. A. P., foreign secretary April, 1880. 

Eogers, Fairman, treasurer April, 1881^ 

Council elected for 1878-'79.— Baird, S. F. j Hall, A., Gibbs, W. 5 Hil- 
gard, J. E. ; Meigs, M. C. 5 Kewcomb, S. 

The following new members were elected: Walker, Francis A^; 
Trowbridge, John 5 Le Conte, John. 

treasurer's report. 

The treasurer presented the following report, which was audited by a 
committee, and approved : 

Dues from mombers coUected during the past year §370 00 

Cash balance from last year TSO- 38 

1, 120 38 

E xponded for prin ting, principally for memoirs , $51 115 

Copying and clerk^s services 29 00 

540 15 

Cash balance on hand ^ 580 23 

Duo from members , 185 00 

Total assets. 765 23 
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In the trust acconnt the income was 2,954 03 

Balance from last year 2, 329 14 

5,283 17 

Expended, accrued interest on U. S. loan purchased, afterward re- 
paid $229 67 

Appropriations by directors of the Bache fund 1 , 900 ( 

Taxes and repairs on houses in Washington 173 89 

Taxes on Missouri lands and safe-rent 23 00 

2, 326 56 

Cash balance 2,956 61 

Of which $13.81 is uninvested capital. 

During the year $30,350 of U. S. six per cent, loan was called in, and 
the proceeds invested in $30,050 of U. S. four and a half per cent, bonds. 

The other investments remain unchanged, the total securities aggre- 
gating $43,000, and producing $2,009.72. 

A committee was appointed to verify these securities, which subse- 
quently reported the account correct. 

JOSEPH HENRY FUND. 

The treasurer of the academy made a statement respecting the "Jo- 
seph Henry Fund ^ of $40,000, contributed by Fairman Rogers, Joseph 
Patterson, George W. Childs, A. J. Drexel, F. A. Drexel, Charles H. 
Eogers, J. G. Fell, Isaac Lea, Asa Packer, John Welsh, W. Blancliard, 
James Lennox, Executors of the estate of John C. Green, Mrs. John C. 
Green, Eobeil L. Stuart, Miss C. L. Wolfe, William Libbey, E. K. Dick- 
erson, Cyrus W. Field, Thomas A. Scott, W. W. Corcoran, George P. 
Wetmore, Thomas H. Powers, J. S. Morgan, J. Pierrepont Morgan, I. V. 
Williamson, John W. Garrett, Charles S. Coxe, Cyrus H. McCormick, J. 
E. Caldwell, William Weightman, Alexander Brown, Henry (3. Gibson, 
J. Donald Cameron, Samuel M. Felton, H. H. Houston, and IN^at. Thay- 
er, '' as an expression of the donors' respect and esteem for Professor 
Henry's personal virtues, their sense of his life's great devotion to sci- 
ence, with its results of important discoveries, and of his constant labors 
to increase and diffuse knowledge and promote the welfare of mankind " ; 
which sum of $40,000 they have caused to be invested in certain secu- 
rities, and to be deposited with and held by the Pennsylvania Company 
for Insurance of Lives and Granting Annuities in Trust, from time to 
time to collect the income thereon, and to pay over the same to Pro- 
fessor Joseph Henry during his natural life, and after his death to his 
wife and daughters, and after the death of the last survivor " to deliver 
the said fund and the securities in which it shall then be invested to the 
National Academy of Sciences, to be thenceforward forever held in trust 
under the name and title of the ^ Joseph Henry Fund,' the principal to 
be forever held intact, and the income to be from time to time applied 
by the said National Academy of Sciences, in its sole discretion, to as- 
sist meritorious investigators, especially in the direction of meritorious 
research." 

A resolution was adopted accepting the said trust, and directing, 
authorizing, and empowering Fairman Eogers, treasurer of the acad- 
emy, in its name and upon its behalf, to affix its corporate seal to, and 
to execute all such deeds, writings, and assurances in law as may be 
necessary to carry the said trust into effect. 

Messrs. Henryj Coffin, J. E. Hilgard, Newcomb, Meig?, and Baird, 
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were appointed a committee to procure from Congress an addition to the 
act of incorporation of the academy which will enable it to accept and 
administer trust funds. 

On motion of Mr. W. B. Eogers, it was unanimously 

BesolveH^ That the ^N'ational Academy of Sciences hereby present their 
grateful acknowledgments to Messrs. Joseph Patterson, Fairman Eog- 
ers, George W. Ohilds, and the other subscribers to the ''Joseph Henry 
Fund," for the generous contributions, by which they have expressed 
their appraciation of the life-long and disinterested scientific labors of 
the revered president of the academy, and have pro^dded an important 
future addition to its means of scientific usefulness. 

It was also 

Eesjlvestj That a committee be appointed by the president to take into 
consideration the plan proposed by Mr. Simon Kewcomb for measuring 
the velocity of light and the means of carrying it into effect, and to 
report to the president and council, who shall have power to act. 

The council reported a substitute for the pending amendment to the 
constitution, to take the place of section 5 of Article IV, which was 
adopted, after discussion, iu commifctee of the whole, and lies over for 
flual action at the next stated session. 

NOMINATIONS. 

Fourteen nominations for memberships were made, to be acted on at 
the April session of 1879. 

The academy adjourned on the afternoon of April 19, to meet in the 
city of New York, on the 5th day of November, for the reading of 
scientific papers only, according to a resolution adopted by the council. 

DEATH OF MEMBERS. 

A short time after the adjournment of the April session, the academy 
was called to mourn the loss of its honored president, Professor Joseph 
Henry, who died in Washington, May J3, 1878. Of the loss to science 
and to the world of one who has done so much to increase the sum of 
human knowledge, and to promote its diffusion among men, it is not my 
province here to speak. Others more familiar witlj the life-work of 
Professor Henry will do justice to this suggestive theme. It is, how- 
ever, fitting that I should allude, at least, to Professor Henry's great 
services to the academy as its presiding officer during the last ten years. 

After the death of the first president of the academy. Professor Alex- 
ander Dallas Bache, in 1867, Professor Henry was elected his successor 
in January, 1868. From that time until he left the chair at the last an- 
nual meeting, in April, 1878, it had been his constant thought to ad- 
vance the best interests of the academy. How zealously he guarded its 
good name ; how impartially and wisely he guided its deliberations ; and 
how earnestly he strove to maintain for it a high standard in science, 
every member will bear ample testimony. 

The biographical memoir of Professor Henry will be prepared by 
Professor Simon Kewcomb, and presented to the academy at the next 
annual meeting. 

The academy has recently lost by death two other members : Dr. Jared 
P. Kirtland, who died in Cleveland, Ohio, December 10, 1877, and Pro- 
fessor William M. Gabb, whose death occurred in Philadelphia, Pa., 
May 30, 1878. 



6 REPORT OF THE NATIONAL ACADEMY OF SCIENCES. 

SCIENTIFIC SESSION. — HELD IN NEW YORK, NOVEMBER 5 TO 8, 1878. 

A scientific session for the reading of papers only having been called 
by the council, as announced at the April session, the academy convened 
at Columbia College, 'New York City, on jS^ovember 5, 1878. The vice- 
president, Mr. O. C. Marsh, presiding. 

Thirty-nine members were present, and the following papers were 
read and discussed. 

Titles of papers read at November session^ 1878. 

Draper, Henry. — On the solar eclipse of July 29, 1878. 

Scudder, S. H. — The early types of insects. 

Peirce, C. S. — On the acceleration of gravity at initial stations. 

Trowbridge, W. P. — The inapplicability of the old theory of turbine 
water-wheels to the new constructions of Boyden and Francis. 

Agassiz, A. — ^The embryology of the gar-pike. 

Agassiz, A. — On arrangement of a zoological inaiine laboratory at !N^ew- 
port. 

Abbott, H. L. — On the value of photography in the study of instanta- 
neous phenomena, illustrated by photographs taken at successive stages 
of torpedo explosions. 

Alexander, S. — On the eleventh axiom of Euclid, with a i)roposed dem- 
onstration of the same. 

Abbott, H. L. — ^A biographical memoir of Prof. Dennis Hart Mahan. 

Alvord, B. — ^A continuation of a paper presented at the April meeting 
on the " Intersection of circles and the intersection of spheres." 

Loorais, E. — Contribution to meteorology 5 storms of the Atlantic 
Ocean. 

Davidson, G. — On instruments of precision at the Paris Exposition. 

Kewberry, J. S.-^On some remains of new fossil fishes and their re- 
lation to li\ing forms. 

Eood, O. N. — On the quantitative analysis of white light. 

Young, C. A. — On measures of the diameter of Mercury by a* new 
method, made at the transit of May 6, 1878. 

Alexander, S. — A recapitulation of some of the author's views on the 
origin of the forms and present state of many of the clusters of stars 
and of several of the nebulae, source of solar heat, and drift of the stars. 

Kewberr^, J. S. — On some mooted points in American geology. 

Rood, O. N. — On Bering's theory of color. 

Cope, E. D. — On the characters oi* the theromorphous reptiliaand stego- 
cephalous batrachia. 

Alexander, S. — Brief notice of the total solar eclipse of Januarv 11, 
1880. 

Hyatt, A. — Some remarks on an investigation of the laws of heredity, 
undertaken by the Board of Health of Massachusetts. 

Alexander, S. — On certain modifications of the Schehallien experiment, 
and of the Cavendish experiments 

The scientific session closed I^Tovember 8th, 

SPECIAL SESSION. — HELD IN NEW YORK CITY, NOVE^IBER 6, 1878. 

A special session of the academy having been called by the council? 
in accordance with section 1, Article III, of the constitution, to take 
into consideration the surveys of the Territories, the academy con- 
vened at Columbia College, New York City, November G, 1878, at 
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11 a. m., the acting president, Mr. O. C. Marsh, presiding. Thirty-five 
members were present. The special session adjourned at 2.30 p. m. 

SURVEYS OF THE TERRITORIES. 

In June of last year, an act of Congress was passed (sundry civil 
bill, approved June 20, 1878), containing the following clause : 

And the National Academy of Sciences is hereby required at their next meeting to 
take into consideration the methods and expenses of conducting all surveys of a sci- 
entific character under the War or Interior Department, and the surveys of the Land 
Office, and to report to Congress as soon thereafter as may be practicable, a plan for 
surveying and mapping the Territories of the United States on such general system as 
will, in their judgment, secure the best results at the least possible cost ; and also to 
recommend to Congress a suitable plan for the publication and distribution of reports, 
mai)s, and documents, and other results of the said surveys. 

As this was the first instance in which the advice of the academy had 
been asked by direct act of Congress, the action to be taken in response 
demanded most careful consideration. 

The act of incorporation and the constitution of the academy provided 
specifically what should be done in such a case. I was required to ap- 
point a special committee to consider the subject. The jeport of the 
committee when completed, could, in accordance with the constitution 
of the academy (Article, V section 4), be transmitted directly to the gov- 
ernment, and afterward to the academy at its next stated session. Inas- 
much, however, as the subject to be considered was of great importance, 
I thought it better to have the report submitted first to the academy 
before transmission to Congress. 

In the appointment of this special committee it was obvious that I 
could not properly select as members any of those who had taken part in 
the controversy between the then existing government surveys ; which 
contention, it was said, had resulted in the passage of the law for the 
proposed reorganization. Again, the subjects to be considered by the 
committee pertained to mensuration, geology, and natural history, and I 
therefore selected those who were familiar with these branches of science, 
namely : Prof. James D. Dana, whose long experience as geologist and 
naturalist of the Wilkes exploring expedition, and subsequent residence 
at Washington, while preparing his report, had especially fitted him to 
advise on government work ; Prof. William B. Eogers, the Nestor of 
American geology, who had had long and varied experience with geolog- 
ical and geographical surveys ; Prof. J. S. Kewberrj^, the State geologist of 
Ohio, who had spent several years in the West on government exploring 
expeditions under the War Department ; Prof. W. P. Trowbridge, a 
ftTaduate of West Point, who, while a member of the Corps of Engineers, 
serv^ed for several years on the Coast Survey ; Prof. Simon Xewcomb, 
whose knowledge of mathematics and astronomy rendered his advice 
most valuable ; and Prof. Alexander Agassiz, whose experience both in 
mining engineering and biology made him a fit representative of those 
departments. 

As the surveys under the War Department and the Interior Depart- 
ment were the special subjects for investigation, I addressed letters to 
the Secretary of War and the Secretary of the Interior, informing them 
that a committee of the academy had been apx>ointed to consider the 
matter, and requested any information as to their plans or wishes in re- 
gard to the scientific surveys under their departments they might think 
proper to lay before the academy. In reply, the Secretary of War sent 
a communication from the acting Chief of Engineers of the Army, and 
the Secretary of the Interior sent reports from the Commissioner of the 



8 REPORT OF THE NATIONAL ACADEMY OF SCIENCES. 

General Land Office, from Prof. F. Y. Hayden, and from Maj. J. W. Pow- 
ell, all of which were carefully considered by the committee. From other 
I)ersons, also, including several officers of the Army, and others specially 
familiar with the government surveys, information was sought and valu- 
able suggestions received. The committee gave the subject careful and 
conscientious consideration, and the report received their unanimous 
approval.* 

To bring the report before the academy, a special meeting was called, 
in Xew York, November 6th, and in the notice issued to members, the 
clause of the law referring the matter to the academy was quoted in full, 
so that every member should understand the subject to be considered. 
The report was submitted to the academy at this meeting, and after a 
full discussion of three hours was adopted with only a single dissenting 
vote. 

When the session of Congress began, in December last, I transmitted, 
in accordance with law, an official copy of the report to the President of 
the Senate, and one to the Speaker of the House of Eepresentatives. 
As the law askiug the advice of the academy originated in the House, I 
sent to the Speaker, with the report, thft special communications relat- 
ing to the government surveys received from the Secretary of War and 
the Secretary of the Interior. The report of the academy was duly 
received by the Senate and ordered. to be printed (45th Cong., 3d sess., 
Mis. Doc. No. 9). The copy sent to the House of Eepresentatives was 
likewise received and printed with the accompanying documents (45th 
Cong., 3d sess., Mis. Doc. No. 5). 

On the transmission of the report to Congress, the official action of 
the academy in this matter was, of course, at an end, as the duty re- 
quired had been performed. As a matter of history, however, I may 
add that the Committee on Appropriations in the House, to whom the 
report was referred, embodied the entire plan of the academy in a bill 
(H. E. 6140), which was duly reported to Congress. The portion of the 
academy's plan relating to geological surveys and the appointment of 
a commission on the public lands became a law (sundry civil bill, 
approved March 3, 1879). A member of the academy, Mr. Clarence 
King, has since been appointed by the President, director of the new 
geological survey of the United States, and has entered ui>on his duties. 

In answering the direct requirement of Congress, in a matter of such 
great importance, it was clearly the duty of the academy, as well as its 
own interest, to consider the subject without regard to persons or to 
Ijarties, and to proj)ose a plan which seemed to promise the best results, 
not merely for to-day, but for the future, as well. Whether the plan 
proposed by the academy to Congress was the wisest and best that 
could have been devised, under all the circumstances, may be left tor 
the impartial historian of the future to decide. 

BEPORT ON VELOCITY OF LIGHT. 

At the meeting of the academy, in Washington, in April last, a reso- 
lution was adopted authorizing the appointment of a committee to con- 
sider a plan proposed by Professor Newcomb, for determining the dis- 
tance of the sun by measuring the velocity of light. In accordance with 
this vote, I appointed as members of the committee. President F. A. P. 
Barnard, Professors Wolcott Gibbs, Henry Morton, George F. Barker, 
and E. C. Pickering. Their report was so favorable to the plan proposed, 
that I sent it to the Secretary of the Navy for transmission to Congress. 

* A copy of this report is given in Appendix D. 
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An appropriation of five thousand dollars for the required purpose 
was thus secured, and the work of constructing the necessary apparatus 
\vill be commenced as soon as the appropriation is available. The ex- 
penditure of the funds is intrusted to the Secretary of the Ka\'y. It is 
hoped by those who proposed this plan that the experiments will lead 
to a more accurate determination of the distance of the sun than can be 
obtained by any other method known to astronomy. 

A copy of Professor Newcomb's paper, together with the report of the 
committee to whom it was referred, is given in Appendix E. 

NATIONAL BOARD OF HEALTH. 

In the act of Congress establishing a ]!^ational Board of Health, which 
became a law in March last, the academy is requested and directed to 
co-operate with this board, and report to Congress at the next session. 
A communication has been received from the president of the board, 
inclosing a certified copy of the act, and requesting the academy to ap- 
point an agency with which the board will confer to carry out the pro- 
visions of the law. I have informed the president of the board that 
the academy would co-operate heartily in the proposed work, but no 
other definite action has as yet been taken.* 

I trust that this brief record of work accomplished by the academy 
during the past year will be conclusive evidence of the importance to 
the nation of such an organization ; and likewise an assurance that the 
academy will faithfully discharge the duties imi^osed upon it by any de- 
partment of the government. 

Eespectfully submitted. 

O. C. MAESH, 

Vice-President and Acting President of the National Academy of Sciences. 



SUPPLEMENT. 

STATED SESSION, APBIL 15 TO 1 9, 1879. 

The stated annual meeting of the 2sational Academy of Sciences was 
held in Washington, April 15th to 19th, 1879. The acting president, Mr. 
O. C. Marsh, presided, and by a vote of the academy was requested to ap- 
pend to his report to Congress the proceedings of this session. Forty 
members were in attendance. The National Board of Health, and Messrs, 
C. K. Gilbert, C. V. Eiley, A. Graham Bell, and Henry Mitchell were 
invited to be present and take part in the scientific sessions of the 
academy. 

The acting president made an opening address, stating what had been 
done by the academy during the past year, and also submitted the an- 
nual report to Congress, which was read and adopted. 

The following papers were read and discussed at this session : 

Titles ofj^apers read. 

Peirce, C. S. — Ghosts in the diffraction spectra. 
Peirce, C. S. — Comparisons of the meter with wave lengths. 
Mitchell, S. Weir. — On the relations of neuralgic pains to storms and 
the earth's magnetism. 

* For the committee on the part of the ae^iCL^m^, ^^ Ky&^vjl^-?.^. 
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Draper, Henry. — ^Confirmations by spectrum photograplis of tlio dis- 
covery of oxygen in the sun. 

Bell, A. Graham. — On vowel theories considered in the light of recent 
experiments with the phonograph and phonautograph. 

Scudder, S. H. — The palaeozoic cockroaches. 

Pickering, E. C. — On the eclipses of Jupiter's satellites. 

Mayer, Alfred M. — On a new form of heliostat. 

Cope, E. D. — On the extinct species of the rhinoceros and allied forms 
of North America. 

Peirce, C. S. — On the errors of pendulum experiments, and on the 
method of swinging pendulums proposed by Mr. Faye. 

Hilgard, E. W. — ^The loess of the Mississippi, and the ^olian hy- 
pothesis. 

Le Conte, Joseph. — The extinct volcanoes about Lake Mono and their 
relation to our glacial drift. 

Hilgard, J. E. — Report on the progress of the international bureau of 
weights and measures. 

Gilbert, G. K. — On the stability and instability of drainage lines. 

Chandler, Charles F. — On a new polariscopic method for the detec- 
tion and estimation of dextro-glucose in the presence of cane sugar and 
inverted sugars. 

Abbott^ Henry L. — On the ignition of high tension fuses. 

Riley, C. V. — On the hybernations and migrations of Aletia argillacea 
(the parent of the cotton-worm). 

Agassiz, Alexander. — Report on dredgings in the Caribbean Sea by 
the Coast Survey steamer Blake, Commander John R. Bartlett, United 
States Navy. 

Pickering, E. C. — On two new forms of micrometers. 

Mitchell, Henry. — On the physical hydrography of the Gulf of Maine. 

Loomis, Elias. — ^The winds on Mount Washington compared with the 
winds near the level of the sea. 

Brush, G. J. — On a mineral locality in Fairfield County, Connecticut. 

Newberry, J. S. — On the great silver deposits recently discovered iu 
Colorado, Utah, and Nevada. 

Newcomb, Simon. — On the recurrence of solar eclipses. 

Newton, H. A. — On the influence of Jupiter upon bodies passing near 
that planet. 

Peirce, C. S. — On projections of the sphere which preserve the angles. 

Barnard, F. A. P. — Report of the Committee on Weights, Measures, 
and Coinage. 

Hilgard, J. E. — An account of geodetic acts determined by the Coast 
Survey in relation to the figure of the earth. 

BIOGKAPHICAL MEMOIRS. 

On the evening of April 17th IVIr. Justice Bradley read a biographical 
memoir of the late Dr. Theodore Strong, and Mr. J. S. Newberry, one 
of the late Dr. Jared P. Kirtland. 

ELECTIONS. 

Prof. William B. Rogers was elected president in place of Joseph 
Henry, deceased, and on the last day of the meeting was present and 
delivered an address in the general session. 

The following members were selected for the council of the ensuing 
year : Alexander Agassiz, S. F. Baird, Wolcott Gibbs, A. Hall, M. C. 
Meigs, and S. Newcomb. 
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The following new members were elected: Cleveland Abbe, J. W, 
Gibbs, W. G. Farlow, H. 0. Wood. 



TREASURER'S REPORT. 



/■ 



The treasurer presented the following reports, which were audited by 
committees and approved: 

Dues from members collected during the past year $480 00 

Cash balance from the last year 580 23 

1, 060 23 

Expended for printing $108 33 

Expended for stationery 7 30 

115 C3 

Cash balance on hand 944 60 

Due fi;om members --- 165 00 

Total assets 1,109 60 

In the trust account the income was 1, 952 27 

Balance from last year 2,956 11 

4, 908 38 
Expended: 

Appropriations by the directors of the Bache fund $1, 325 00 

Taxes and repairs on house in Washington, D. C 459 01 

Safei-ent 10 00 

1,794 01' 

Cash balance on band 3,114 37 

Of which $13.81 is uninvested capital. 
The investments remain unchanged! 

The committee appointed to examine the securities. belonging to the 
Bache fund reported the following investments: 

United States loan 5 per cent .^ $1,350 00 

United States loan 5 per cent • 2,500 00 

United States loan 5 per cent 8,100 00 

United States loan 4i per cent 30,050 00 

City of Davenport loan 6 per cent 1,000 00 

43, 000 00 

Also the deed for 3G0 acres of Missouri lands. 

Also the deed for part of lot No. 6, square No. 120, on whicih house 
No. 723, Twentieth street, Washington, D. C, is built, with policy of 
insurance thereon. 

Also the deed for the piece of ground part of lot No. 7, square No. 120, 
purchased by the academy. 

Also the agreement (one of four) made with the Pennsylvania Com- 
pany for Insurance on Lives and Granting Annuities, as to the use and 
tiual disposition of the Joseph Henry fund for $40,000. 

It was reported by the treasurer that by the death" of Henry Wood 
Bache the Bache fund will be increased by the amount of $4,650, ac- 
cording to the terms of the will of Mrs. A. D. Bache. 

It was therefore 

Eesolvedj That Fairman Sogers, treasurer, be authorized to receive 
from the trustee of Henry Wood Bache, under the will of Mrs. A. D. 
Bache, all cash and securities payable to the National Academy of 
Sciences in the settlement of his accounts as trustee, and that he be 
further authorized to execute all papers required in the transaction. 

Messrs. J. L. Le Conte and George F. Barker were appointed a com- 
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mittee to examine and verify the securities of the academy for the next 
April session. 

REPORT ON WEIGHTS AND MEASURES. 

Mr. F. A. p. Barnard presented a report from the committee on 
weights, measures, and coinage. The following resolutions appended 
to the report were adopted : 

Whereas the metric system of weights and measures has been very 
generally adopted for exclusive use in the expression of quantity among 
civilized peoples; and whereas the probability of the ultimate uni- 
versal prevalence of this system is becoming daily more and more de- 
cided; and whereas these considerations suggest the advisability of 
making preparation for the possible introduction of this system sooner 
or later into this country also : Therefore, 

Resolved^ That, in the opinion of this academy, it is desirable, with a 
view to such preparation, that provision should be made b}' State legis- 
lation for giving instruction in the principles of the metric syst4?.m in 
all the elementary schools in the country ; and for making a knowledge 
of the system a requisite for admission into educational institutions of 
higher grade ; also 

That laws should be enacted by Congress requiring the use in the 
domestic mail service of a metric unit of postal weight identical with 
that already employed in the foreign ; providing for the assessment of 
duties upon merchandise imported under metric invoices to be made 
in accordance with a tariff adapted to metric denominations of weight 
and measure ; and expressing the weights of all coins issued from the 
mints of the Uuited States m grams and milligrams, and no longer iu 
grains and fractions of grains, as at present. 

Eesolvei farther^ That copies of the foregoing preamble and resolu- 
tion, duly authenticated, be communicated to the President of the 
United States, the President of the Senate, the Speaker of the House 
of Eepresentatives, the chairman on the Committee on Finance of the 
Senate, the chairman of the Committee on the House on Weights, 
Measures, and Coinage, and the governors of the several States and 
Territories. 

The resolutions were approved by Messrs. F. A. P. Barnard, H. A. 
Newton, S. Newcomb, J. E. Hilgard, W. P. Trowbridge, Henry Draper, 
and C. S. Peirce. 

Mr. M. C. Meigs, also a member of the committee, dissented to the re- 
port and resolutions and presented a minority report. 

AMENDMENTS TO CONSTITUTION AND RULES. 

The pending amendment to section 5, Article lY of the constitution, 
was not adopted. 

A substitute ion section 5, Article lY, and an amendment to section 2, 
Article Y of the constitution, were recommended by the council, con- 
sidered in committee of the whole, and adopted, to be voted on at the 
next stated session. 

Eule YII was amended so as to read : 

The death of members shaU be announced by the president on the last day of any 
session, when a member shaU be selected by the president to furnish a bioj^raphical 
notice of the deceased at the next session. If such notice be not then furnished, 
another member may be selected by the president iu place of the first, and so on until 
the duty is performed. 
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The following rule was also adopted : 

On the first day of each stated session, immediately after calling tbe roll of mem- 
bers, a reconling secretary shall be elected by a plurality of votes of members pres- 
ent to assist the home secretary in keeping the records of the session. 

The home secretary was instructed to address a circular to all mem- 
bers asking them to state the special line of their researches and inves- 
tigations for the use of the president and council. 

Fifteen nominations were made for membership, and one for foreign 
associate, to be acted upon at the April session of 1880. 
The academy adjourned on the evening of April 18th. 

O. C. MAESH, 

Vice-President 
Washington, D. C, April 18, 1879. 



Appendix A. 

AN ACT to incorporate the National Academy of Sciences. 

Be it enacted hy the Senate and House of Rep^resentatives of the United States of America 
in Congress assembledy That Louis Agassiz, Massachusetts; J. H. Alexander, Maryland; 
S. Alexander, New Jersey ; A. D. Bache, at lar^e; F. A. P. Barnard, at large; J, G. 
Barnard, U. S. A., Massachusetts; W. H. C. Bartlett, United States Military Academy, 
Missouri; U. A. Boyden, Massachusetts; Alexis Caswell, Rhode Island; William 
Chauvenet, Missouri; J. H. C. CoflSn, United States Naval Academy, Maine; J. A. 
Dahlgren, U. S. N., Pennsylvania; J. D. Dana, Connecticut; Charles H. Davis, U. S. 
N., Massachusetts; George Englemann, Saint Louis, Mo.; J. F. Fraser, Pennsylvania; 
Wolcott Gibbs, New York; J. M. Gilliss, U. S. N., Kentucky; A. A. Gould, Massachu- 
setts; B. A. Gould, Massachusetts; Asa Gray, Massachusetts; A. Guyot, New Jersey; 
James Hall, New York; Joseph Henry, at large; J. E. Hilgard, at large, Illinois; 
Edward Hitchcock, Massachusetts; J. S. Hubbard, United States Naval Observatory, 
Connecticut; A. A. Humphreys, U. S. A., Pennsylvania; J. L. Le Conte, U. S. A., 
Pennsylvania; J. Leidy, Pennsylvania ; J. P. Lesley, Pennsylvania ; M. F. Longstreth, 
Pennsylvania; D. H. Mahan, United States MiUtary Academy, Virginia; J. 8. New- 
berry, Ohio; H. A. Newton, Connecticut; Benjamin Peirce, Massachusetts; John 
Rodgers, U. S. N., Indiana; Faimian Rogers, Pennsylvania; R. E. Rogers, Pennsyl- 
vania; W. B. .Rogers, Massachusetts; L. M. Rutherfiird, New York; Joseph Saxtou, 
at large; Benjamin Silliman, Connecticut; Benjamin 'Silliman, jr., Connecticut; 
Theodore Strong, New Jersey; John Torrey, New York; J. G. Totten, U. S. A., Con- 
necticut ; Josopn Winlock, United States Nautical Almanac, Kentucky ; Jeffries Wy- 
man, Massachusetts; J. D. Whitney, California, their associates and successors duly 
chosen, are hereby incorporated, constituted, and declared to be a body corporate by 
the name of the National Academy of Sciences. 

Sec. 2. And be it further enacted^ That the National Academy of Sciences shall con- 
sist of not more than fifty ordinary members, and the said corporation hereby consti- 
tuted shall have power to make its own organization, including its constitution, by- 
laws, and rules and regulations; to fill all vacancies created by death, resignation, or 
otlierwise; to provide for the election of foreign and domestic members ; the division 
into classes, and all other matters needful or useful in such institutions, and to report 
the same to Congress. 

Sec. 3. And he it further enncted. That the National Academy of Sciences shall hold 
an annual meeting at such place in the United States as may be designated, and the 
academy shall, whenever called upon by any department of the government, investi- 
gate, examine, experiment, and report upon any subject of science or art, the actual 
expense of such investigations, examinations, experiments, and reports to be paid 
from appropriations Avhich may be made for the purpose, but the academy shall re- 
ceive no compensation whatever for any services to the Government of the United 
States. 

Approved March 3, 1863. 



AN ACT to amend tbe act to incorporate tbe National Academy of Sciences. 

Be it enacted hf the Senate and the House of Representatives of the United States of America 
in Congress assembledj That the act to incorporate the National Academy of Sciences, 
approved March 3d, eighteen hundred and sixty-three, he, aikd thft ^^aAwa vi l^a^^U^ ^ %a 
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amended as to remove the limitation of the number of ordinary members of said acad- 
emy as provided in said act. 
Api^roved July 14, 1870. 



Appendix B. 

CONSTITUTIOX AND RULES OF THE NATIONAL ACADEMY OP SCIENCES. 

[As amended and adopted April 17, 1872, and farther amended April 20, 1875.] 

PREAMBLE. 

Empowered by the act of incorporation enacted by Congress, and approved by the 
President of the United States on the :Ui day of March, A. D. 1H5 J, and in conformity 
with the amendment to said act approved July 14, 1870, the National Academy of 
Sciences adopt the following amended constitution and rules : 

Article I. — Of memhers. 

Section 1. The academy shall consist of members, honorary members, and foreign 
associates. 

Sec. 2. Members who, from age or inability to attend the sessions of the academy, 
wish to resign the duties of active membership may, at their own request, be trans- 
ferred to the roll of honorary members by a vote of the academy. 

Sec. 3. The academy may elect ftffcy foreign associates. 

Sec. 4. Honorary members and foreign associates shall have the privilege of attend- 
ing the meetings, and of reading and communicating papers to the academy, but shall 
take no part in its business, shall not be subject to its assessments, and shall be enti- 
tled to a copy of the publications of the academy. 

Article II. — Of the officers. 

Section 1. The officers of tho academy shall be a president, a vice-president, a for- 
eign secretary, a home secretary, and a treasurer, all of whom shall be elected, for a 
term of six years, by a majority of votes present at the first stated session afcer the 
expiration of the current terms, provided that existing officers retain their places until 
their successors are elected. In case of a vacancy the election for six years shall be 
held in the same manner at the session when such vacancy occurs, or at the next stated. 
session thereafter, as tho academy may direct. 

Sec. 2. The officers of the acjidemy, together with six members to be. elected by the 
academy at the first stated session in each year, shall constitute a council for the trant:- 
action of such business as may be assigned to them by the constitution or the academy. 

Sec. 3. The president of the academy or, in case of his absence or inability to act, 
the vice-president shall preside at the meetings of the academy and of the council ; 
shall name all committees, except such as are otherwise provided for; shall refer 
investigations required by the Government of the United States to members specially 
conversant with the subjects, and report thereon to the academy at its session next 
ensuing; and, with the council, shall direct the general business of the academy. 

It shall be competent for the president, in special cases, to call in the aid, upon com- 
mittees, of experts, or men of special attainments, not members of the academy. 

Sec. 4. The foreign and home secretaries shall conduct the correspondence proper to 
their respective departments, advising with the president and council in cases of 
doubt, and reporting their action to the academy at one of the stated sessions in each 
year. It shall be the duty of the home secretary to give notice to the members of the 
l)lace and time of all meetings, of all nominations for memberships, and of all proposed 
amendments to the constitution. 

The minutes of each session shall be duly engrossed before the next stated session, 
under the direction of the home secretary. 

Sec. 5. The treasurer shall attend to all receipts and disbursements of the academy, 
giving such bond and furnishing such vouchers as the council may require. He shall 
collect all dues from members, keep a set of books showing a fall account of receipts 
and disbursements. He shall i^resent a general report at the April session. He shall 
be the custodian of the corporate seal of the academy. 

Article III. — Of the meetings. 

Section 1. The academy shall hold one stated session in each year, in the city of 
Washington, on the third Tuesday in April, and another may be held at such ti me and 
place as the council shall determine. 
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Special sessions of the academy may be called by order of eight members of the 
council, at such place and time as may be designated in the call. 

Scient ific sessions of the academy may be held at times and places to be designated 
by a majority of the council. 

Sec. 2. The names of the members present at each daily meeting shall be recorded 
in the minutes ; and the members present at any meeting shall constitute a quorum 
for the transaction of business. 

Sec. 3. Scientific meetings of the academy, unless otherwise ordered by a majority of 
the members present, shall be open to the public ; those for the transaction of business 
closed. 

Sec. 4. The stated meetings of the council shall be held during the stated or special 
sessions of the academy. Special meetings may be convened at the call of the x>resi- 
dent and two members of the council, or of four members of the council. 

Sec. 5. No member who has not paid his dues shall take part in the business of the 
academy. 

Article IV. — Of elections and remgnaiions. 

Section 1. All elections shall be by ballot, and each election shall be held sepa- 
rately, unless otherwise ordered by this constitution. 

Sec. 2. The time for holding an election for officers shall be fixed by the academy 
at least one day before the election is held. 

Sec. 3. The six additional members of the council shall be elected on anj' day after 
the first of the first stated session in each year by each voter inscribing six names on 
his ballot, and those six who have received more votes than any other shall be declared 
elected. If two or more names have received the lowest number of votes that would 
elect, additional balloting shall be had for as many members as remain each time to be 
elected until the number is full. 

The tvviVL of the members so elected shall commence at the close of the session at 
which they are elected, and continue until the close of the first stated session in the 
next year. 

Sec. 4. Nominations of members and foreign associates may be made in writing, 
signed by any five members of the academy at any stated session, to be voted on at 
the next stated session, and each nomination shall at the time of election be accom- 
panied by a written list of the original works of the nominee. 

Sec. 5.' Elections for members shall be held in the following manner: One name 
shall be selected by ballot from the nominations presented. The name receiving the 
highest number of votes (provided that they are at least one-third of those cast) shall 
thereupon be voted on by ballot for membership, and if two-thirds of the votes cast, 
including blank votes, are in the affirmative, the person voted for shall be declared 
elected a member of the academy. Any name failing t(r receive two-thirds of the 
votes cast shall not be voted for a second time on the same day; and unless receiving 
one-third of the votes cast shall not be again put in nomination at that session of the 
academy. 

Absent members may send their votes to the secretary, which shall be counted in 
the ballot for election, but not in that for preference. 

Before each election a discussion of the merits of the nominees will be in order. 

Elections of members shall only be held at stated sessions, and after that of April, 
1872, not more than five members shall be elected at any one session. 

Sec. 6. Every member elect shall accept his membership, personally or in writing, 
before the close of the next stated session after the date of his election. Otherwise, 
on proof that the secretary has formally notified him of his election, his name shall 
not be entered on the roll of members. 

Sec. 7. Nominations and elections of foreign associates shall be conducted in the 
same manner as those of members. 

Sec. 8. A diploma, with the corporate seal of the academy and the signature of the 
officers, shall be sent by the appropriate secretary to each member on his acceptance 
of his membership, and to foreign associates on their election. 

Sec. 9. Resignations shall be addressed to the president and acted on by the 
academv. 

Article V. — Of ssientifiG communications^ publications^ and reports, 

Sectiom 1. Communications on scientific subjects shall be read at scientific meetings 
of the academy, and papers by anj' member may be read by the author or by any other 
monibor, notice ot* the same having been previously given to the secrotaiy. 

Sec. 2. Any m amber of the academj^ may read a paper from a person who is not a 
member, and shjill not be considered fespousible for the facts or opinions expressed by 
the author, but shall be held responsible for the propriety of the paper. 

Persons who are not members may read papers upon invitation of the academy. 

Sec. 3. The academy may provide for the publication, under the direction of the 
council, of i)roceedings, memoirs, and reports. 



16 REPORT OF THE NATIONAL ACADEMY OF SCIENCES. 

Sec. 4. Propositions for investigations or reports by the academy shall be submit- 
ted to the council for approval, except those requested by the Government of the 
United States, which shall be acted on by the president, who will, in such cases, re- 
port their results to the government as soon as obtained, and to the academy at its 
next following stated session. 

Sec. 5. The advice of the academy shall be, at all times, at the disposition of the 
government upon any matter of science pr art within its scope. 

Sec. 6. An annual report to be presented to Confess shall be prepared by the presi- 
dent, and before its i)resentation submitted by him, first to the council, and after- 
wards to the academy at one of the stated sessions. 

Sec. 7. Medals and prizes may be established, and the means of bestowing them 
accepted by the academy, upon the recommendation of the council, by whom all the 
necessary arrangements for their establishment and award shall be made. 

Bequests and trusts having for tneir object the advancement of science may also be 
accepted and administered by the academy. 

Article VI. — Of th^ property of the academy. 

Section 1. All investments shall be made by the treasurer, in the corporate name 
of the academy, in stocks of the United States. 

Sec. 2. No contract shall be binding upon the academy which has not been first 
approved by the council. 

Sec. 3. The assessments required for the support of the academy shall be fixed by 
the academy on the recommendation of the council. 

Article VII. — Of additions and amendments. 

Additions and amendments to the constitution shall be made only at a stated session 
of the academy. Notice of a proposition for such a change must be given at a stated 
session, and shall be referred to the council, which may amend the proposition, and 
shall report thereon to the academy at the same session. Its report shall be consid- 
ered by the academy in committee of the whole for amendment. 

The proposition as amended, if adopted in committee of the whole, shall be voted 
on at the next stated session, and if it receive two-thirds of the votes cast, it shall be 
declared adopted. 

Absent members may send their votes on pending changes in the constitution to the 
home secretary in writing, and such votes shall be counted as if the member were 
present. 

RULES. 

I. In the absence of any officer a member shall be chosen to perform his duties tem- 
p'jrarilv, by a plurality of vina roc5 votes, upon open nomination. 

II. The ascouuts of the treasurer shall be referred to an auditing committee of three 
members, to be appointed by the president at the meeting at which the accounts are 
pr3S?nteil ; which committee shall rv3porfc bafore the close of that session, and shall 
then be discharged. '' 

The bonds, securities, and other property owned or held in trust by the academy 
shall be inspected and verified by a committee to be annually appointed by the presi- 
dent. The report of this committee shall be presented to the academy at its first 
stated session in each year, and referred with the accounts to the auditing committee. 

III. A committee of arrangements, consisting of five members, shall be appointed 
by the jiresident for each stated session of the academy. This committee shall meet 
not less than two weeks previous to each session. It shall be in session during the 
meetings, to make arrangements for the reception of the members ; to arrange the busi- 
ness of each day; to receive the titles of papers, reports, &c.; and to arrange the 
order of reading, and in general to attend to all business and scientific arrangements. 

IV. At the meetings the order of business shall be as follows : 

1. Chair taken by the president, or, in his absence, by the vice-president. 

2. Roll of members called by home secretary. 

3. Minutes of the preceding meeting read and approved. 

4. Stated business. 

5. Reports of president, secretaries, treasurer, and committees. 

6. Business from council. 

7. Other business. 

8. Rough minutes read for correction. 

V. The rules of order of the academy shall be those of the Senate of the United 
States, unless suspended by unanimous consent. 

VI. Unless otherwise ordered by the academy, the scientific meeting shall be con- 
vened at noon. 

VII. The death of members shall be announced by the president on the last day of 
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any session, when a member shall be selected by the president to furnish a biographic al 
Botice of the deceased at the next session. If such notice be not then mmished, 
ancfther member may be selected by the president in place of the first, and so on until 
the duty is performed. 

VIII. All discussions as to the claims and qualifications of nominees at meetings of 
the academy will be held strictly confidential, and remarks and criticisms then made 
may be communicated to no person who was not a member of the academy at the time 
of the discussion. 

IX. The secretaries will receive memoirs at any time and report the date of their 
reception at the next session. But no memoir shall be published unless it has been 
read before the academy. 

X. Memoirs shall date in the records of the academy from the date of their pre- 
sentation to the academy, and the order of their presentation shall be that in which 
they were registered, unless changed by consent of the author. 

XI. Papers from persons not members, read before the academy and intended for 
publication, shall be referred, at the meeting at which they are read, to a committee 
of members competent to judge whether the paper is worthy of publication. Such 
committee shall report to the academy as early as practicable, and not later than the 
next stated session. 

XII. An annual of the academy shall be prepared and published by the secretaries. 

XIII. The printing of the academy shall be under the charge of the secretaries 
an<l the- treasurer, as a committee of publication, who shall report in relation thereto 
at each April session of the academy. 

XIV. The annual report of the academy may be accompanied by a memorial to Con- 
gress in regard to such investigations and other subjects as may be deemed advisable, 
recommending appropriations therefor when necessary. 

XV. The proper secretary shall acknowledge all donations made to the academy, 
and shall report tbem at the next stated session. 

XVI. The books, apparatus, archives, and other collections of the academy shall be 
deposited in some safe place in the city of Washington. A list of the articles so de- 
posited shall be kept by the home secretary, who is authorized to employ a clerk to 
take charge of them. 

XVII. A stamp corresponding to the corporate seal of the academy shall be kept by 
the secretaries, who shall be responsible for the due marlyng of all books and other 
objects to which it is applicable. 

Labels or other proper marks, of similar device, shall be placed upon objects not 
admitting of the stamp. 

XVIII. On the first day of each stated session, immediately after calling the roll of 
members, a recording secretary shall be elected by a plurality of members present, to 
assist the home secretary in keeping the records of the session. 

XIX. It shall be the duty of the committee of arrangements to fix the length of 
time to be devoted to reading of all papers submitted, and to limit the time to be oc- 
cupied in their discussion. 

Only members and persons attending the meetings by invitation of the council shall 
be entitled to take part in the discussions. 

XX. Any rule of the academy may be amended, suspended, or repealed on the writ- 
ten motion of any two members, signed by them and presented at a stated session of 
the academy, provided the same shall be approved by a majority of the meni]>erH 
I)resent. 



Appendix C. 

ORGAXIZATIOX OF THE NATIONAL ACADEMY OF SCIENCES, 1879-80. 

Expiration of term. 

Rogers, William B., president April, 1885. 

Marsh, O. C, vice-j^resident April, 1884. 

Barnard, F. A. P., foreign secretary April, 1880, 

Coffin, J. H. C, home secretary April, 1884. 

Kogers, Fairman, treasurer April, 1881. 

Council, April, 1879-80. — Agassiz, A.; Baird, S. F.; Gibbs, W.; Hall, A.; Meigs, M. C.j 
New comb, S. 

COMMITTEES OF THE ACADEMY. 

Committee on weights, measures, and coinage, — Barnard, F. A. P.; Draper, Henry; Gibbs, 
Wolcott; Hilgard, J. S.; Newcomb, S.; Meigs, M. C; Newton, H. A.; Peirce, C. "S.; Trow- 
bridge, W. P. 

Committee on ways and means to provide a fund for the academy. — Rogers, Fairman j Rog- 
ers, W. B.; Chandler, C. F.; Marsh, O. C; Agassiz, Alexander*, Smvtk, J^La.-^vft.wR^^., 

H. Mis. 7 2 
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Committee to verify the securities of the trust-fund of the academy, — ^Le Coute, J. L.; 
Barker, George F. 

Committee to co-operate with the National Board of Health, — S. Weir Mitchell, Pbiliidel- 
phia, Pa. ; George Engelmann, Salut Louis, Mo. ; J. Lawrence Smith, Louisville ; J. J. 
Woodward, Washington, D. C. ; F. A. Walker, Washiuj^n, D. C; George F. Barker 
Philadelphia, Pa.; Charles F. Chandler, New York City; Henry Draper, New York 
City; Wolcott Gibbs, Cambridge, Mass. 



MEMBERS OF THE NATIONAL ACADEMY OF SCIENCES. 

Abbe, Cleveland, Washington, D, C. 

Abbott, Henry L., U. S. JL, Whitestone, Long Island, N. Y. 

AUen, J. Asaph, Cambridge, Mass. 

Agassiz, Alexander, Cambridge, Mass. 

A&xander, Stephen, Princeton, N. J. 
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Chandler, Charles F., New York City. 

Coffin, John H. C, U. S. N., Washington, D. C. 

Cooke, Josiah P., jr., Cambridge, Mass. 

Cope, Edward D., Philadelphia, Pa. 

Cones, Elliott, U. S. A., Washington, D. C. 

Crafts, James M., 44 Beacon street, Boston, Mass. 

Dalton, John C, 41 West Forty-eighth street. New York City. 

Dana, James D., New Haven, Conn. 

Davidson, George, SanJFrancisco, CaJ. 

Draper, Henry, New t^i|j(^; City. 

Draper, John W., Ha^€l|Eigaon Hudson, N. Y. 

Eads, James B., Saint liouis. Mo. 

Farlow, W. G,, Cambridge, Mass. 

Ferrel, William, Washington, D. C. 

Genth, Frederick A., Philadeiphia, Pa. 

Gibbs, Josiah Willard, New Haven, Conn. 

Gibbs, Wolcott, Cambridge, Mass. 

Gill, Theodore, Washington, D. C. 

Gould, Be^amin Apthorp, Cordoba, Argentine Republic, South America. 

Guyot, Arnold, Princeton, N. J. 

Haldeman, S. S., Chickies, Pa. 

Hall, Asaph, U..S. N., Washington, D. C. 
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Hayden, F. V., Washington, D. C. 

Hilgard, Eugene W., Oakland, Cal. 

Hilgard, Julius E., Washington, D. C. 

Hill, George W., Washington, D. C. 

Humphreys, A. A., U. S. A., Washington, D. C. 
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Hyatt, Alpheus, Boston, Mass. 

Johnson, Samuel W., New Haven, Conn. 

King, Clarence, Washington, D. C. 

Lane, J. Homer, Washington, D. C. 
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Lesley, J. Peter, 1008 Clinton street, Philadelphia, Pa. 

Loomis, Ellas, New Haven, Conn. 

Le Conte, John, Berkley, Cal. 

Le Conte, John L., 1625 Spruce street, Philadelphia, Pa. 

Le Conte, Joseph, Ofiklaud, Cal. 

Lesquereux, Leo, Columbus, Ohio. 

Levering, Josei)h, Cambridge, Mass. 

Lyman, Theodore, Cambridge, Mass. 

Marsh, George P., Rome, Italy. 

Marsh, O. C, New Haven, Conn. 

Mayer, Alfred M., Hoboken, N. J. 
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MeigS; 'M. C, U. S. A., Washingtoti, D. C. 

Mitchell; 8. Weir. 1332 Walnut street, PhiladelpliiA, Pa. 

Mor^n, Lewis H., Rochester, N. Y. 

Morse, Edward S., Salem, Mass. 

Jtf orton, Henry, Hoboken, N. J. 

INewbeny, J. S., New York City. 

!Newcomb, Simon, U. S. N., Washington, D. C. 
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Newton, John, U. S. A. 
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iflodgers, John, U. 8. Ny Washington, I). C. 
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^geni, William B.,, Boston, Mass. 

Bck)d, Ogden N., New York City. 
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Itehott, Charles A., Washington, D. C. 

Scodder, Samuel H., Cambridge, Mass. 

SelUers, William, Philadelphia, Fa. 

SlUimaiK Beigamin, New Haven, Conii. 

iSliiiith, J. Lawrence, Louisville, Ky. 

Trowbridge, John, Cambridge, Mass. 
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Bbull, J. H., Hattford, Conn, 
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Appendix D. 

REPORT OX SURVEYS OF THE TERRITORIES. 

At a meeting of the National Academy of Sciences, held in New York on Novem- 
ler 6, 1878, the acting president submitted the report of the special committee to con- 
sider the scieutiftc surveys of the Territories of the United States. 

REPORT. 

The committee of the National Academy of Sciences, to whom has been referred the 
consideration of the following requirement of law contained in the act making appro- 
priations for snndry civil expenses of the government for the fiscal year ending June 
30, 1879, and for other purposes, approved June 20, 1878, namely : 

* 'And the National Academy of Sciences is hereby required, at their next meeting, 
to take into consideration the methods and expenses of conducting all surveys of a 
scientific character under the War or Intoiioi Dei^aTtiw^iit, wa^ vc^fc «<scs«^'©. ^^ ^Ss^fe 



20 REPORT OF THE NATIONAL ACADEMY OF SCIENCES. 

Land Office, aud to report to Congress as soon thereafter as may be practicable, a plan 
for surveying and mapping the Territories of the United States on such general sys- 
tem as will, m their judgment, secure the best results at the least possible cost ; and 
also to recommend to Congress a suitable plan for the publication and distribution of 
reports, maps, and documents, and other results of said surreys," 
submit the following report : 

The committee consider that the field of inquiry proposed to the academy is in- 
tended to embrace only such surveys as pertain to the public domain. They have not 
included in their plan of organization surveys and investigations, however scientific 
in method and character, which apply solely to engineering works, such as the im- 
provements of rivers, harbors, lakes, &c. ; the irrigation and drainage of public 
lands, reclamation of tidal lands and protection of alluvial regions from floods. Such 
surveys and investigations, being inseparably connected with engineering problems, 
should, in the judgment of the committee, be conducted by the Engineer Corps of the 
Army. Nor do the committee recommend any change in the organization of the 
survey of the great lakes, as this is now nearly completed. 

The works which seem to fall especially within the limits of the meaning of the 
law are : The geographical surveys west of the one hundredth meridian, under the 
War Department; the United States geographical and geological surveys of the 
Territories and of the Rocky Mountain region, under the dterior Department; 
and the system of land surveys under the supervision of the Land Office. Be- 
sides these, although not enumerated in the law, one of the most important works 
now in progress in the interior, under act of Congress, is the geodetic work of the 
Coast and Geodetic survey. Parties of this organization are now conducting a system- 
atic tri angulation at several points in the interior, and any general system, such as is 
contemplated in the above law, cannot be wisely devised without taking into account 
the object and organization of this survey.. The objects of these various surveys are : 
1. An accurate geodetic survey ; 2. A general geographical and topographical recon- 
naissance; 3. Land-parcelling surveys, on which the government can part title to por- 
tions of the public domain ; 4. The economic classification and valuation of the pub- 
lic domain. To these should be added the gradual completion of a general accurate 
topographical map of the whole territory of the United States, which shall serve as a 
basis for all the scientific and practical needs of the government and the people. All 
this may be included under two distinct and separate heads : 1. Surveys of mensura- 
tion ; 2. Surveys of geology and economic resources of the soil. 

We will first consider the present operations of the surveys of mensuration. Such sur- 
veys are now in progress under five different independent organizations : That of the 
Coast and Geodetic Survey ; of the geographical surveys west of the one hundredth 
meridian, under the War Department ; of the topograpMcal work of the two surveys 
under the Interior Department : and of the land-survey under the Land Office. The 
final object of all these works of mensuration is the accurate determination of position 
and the laying down of lines and points by measurement. There is at present no co- 
ordination between these five surveys. Their original determination of position are 
independent ; their systems of surveys discordant ; their results show many contradic- 
tions and involve unnecessary expenditure. The geographical reconnaissances carried 
on under the War and Interior Departments are of little value for the parcelling of 
land, while the land surveys are of correspondingly slight topographical and geographi- 
cal value. The operations of the Coast and Geodetic Survej^ in the interior do not at 
present include topography and land-parcelling. To attain the desirable accuracy 
and economy it is absolutely essential that there should be only one geodetic system, 
one topographical system, and one land-parcelling system, all conducted under the 
same head. It is evident that both topographical and land-parcelling surveys, to be 
properly co-ordinated and sufficiently exact, must be based upon a single rigid geo- 
detic foundation. All these three divisions are departments of measuring ; all are 
based upon accurate determinations of position ; and, to be effective and economi- 
cally carried out, should be united into one comprehensive system. 

Alter a careful consideration of the facilities at the disposal of the several existing 
organizations engaged in this work, the committee believe that the Coast aud Geodetic 
Survey is practically best prepared to execute the entire mensuration system required. 
Within the public domain the dominant interest of the United States is centered in the 
public lands which remain to be surveyed and sold. 

The administration of these lands, consisting of 1,101,107,183 acres, is necessarily with- 
in the Department of the Interior, while the Coast and Geodetic Survey, having been 
originally inaugurated to meet the wants of commerce, has been hitherto under the 
Treasury Department. In view of the paramount importance of the public lands, the 
committee recommend that the Coast and Geodetic Survey be transferred from the 
Treasury Department to the Department of the Interior, retaining its original field of 
operations, and assuming, also, the entire mensuration of the public domain; and that, 
so modified and extended, it hereafter be known as the United States Coast aud Inte- 
rior Survey. This organization would then embrace, in addition to its former work^ 
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m geodetic survey of tbe whole public domain, a topographical survey comprising de- 
tailed topographical work and rapid reconnaissance, and land-parcelling surveys. 

The superintendent of the Coast and Interior Survey should be appointed by the 
President, and should rej>ort directly to the Secretary oi the Interior. 

The best interests of the public domain require, for the puri)0se8 of intelligent ad- 
xninistration, a thorough knowledge of its geological structure, natural resources, and 
products. The domain embraces a vast mineral wealth in its soils, metals, salines, 
stones, clays, &c. To meet the requirements of existing laws in the disposition of the 
afi^ooltural, mineral, x)astora1, timber, desert, and swamp lands, a thorough investi- 
l^ation and classification of the acreage of the public domain is imperatively demanded. 
The committee, therefore, reconmiend that Congress establish, under the Department 
of the Interior, an inde]>endent organization, to be known a^ the United States Greo- 
logical Survey, to be charged with the study of the geological structure and economic 
resources of the public; domain : such survey to be placed under a director, who shall 
lie appointed by the President, and who shall rejwrt directly to the Secretary of the 
Interior. 

It should be specially provided that the director and meml>er8 of the Geological Sur- 
vey, charged as they are with the investigations of the natural resources of the public 
domain, sliall have no personal or private interests in the lands or mineral wealth of 
the region under survey, and shall execute no surveys or examinations for i)rivate par- 
ties or corporations. 

Officers of the Army and Navy, when not otherwise employed, might be detailed by 
the Secretary of War or the Secretary of the Navy to take* part in the operations of 
either survey. 

With the inauguration of the two sur\'eys above defined, the committee recommend 
a discontinuance (1) of the i)resent geographical and geological surveys west of the 
one hundreflth meridian, under the War Department, except surveys necessary for 
military purposes and local internal improvements; (2) of the geographical and geo- 
logical surveys now in i^rogress under the Dei)artment of the Interior j and (3) the 
present land surveys under the Land Oftice. 

The effect of the above changes will be to maintain within the Interior Dei)artmont 
three distinct organizations: (1) the Coast and Interior Survey, whose function will 
embrace all questions of ]>osition and mensuration ; (2) the United States Geological 
Survey, whose function will be the determination of all questions relating to the geo- 
logical structure and natural resources of the public domain ; (3) the Land Oftice, con- 
trolling the disposition and sale of the public lands, including all questions of title 
and record. With this division should be secured a i)erfect co-ordination and co-ope- 
ration between the three branches. The Land Office sliouhl call upon the Cofist and 
Interior Survey for all surveys and measurements required for the sale and disposition 
of land. The Land Office should also call upon the United States Geological Survey for 
all information as to the value and classification of lands. The results of all the men- 
suration surveys, as soon as completed, should be immediately available for the Land 
Ofllce, and for the Geological Survey, and for other branches of the government a« 
required. The Geological Survey should be authorized to execute local topographical 
surveys for special puqioses ; such, for instance, as the subterraneous surveys of min- 
ing districts and metallic deposits, &c. 

Each of the three organizations, thus defined, should make an annual report of its 
operations to the Secretary of the Interior. The publications of the Land Office should 
embrace reports of its business operations relating to the disposition and sale of land, 
together with the necessary maps. The publications of the Coast and Interior Survey, 
besides the annual report of operations, should consist of its geodetic results, geographi- 
cal, topographical and cadastral maps, coast charts and such discussion and treatises 
connected therewith as the superintendent shall deem of value. The publications of the 
Geological Survey should consist of an annual report of operations, geological and 
economic maps illustrating the resources and classification of the land, reports upon 
general and economical geology in all its branches, with the necessarily connected 
paleontology. 

All collections made by the Coast and Interior, and th(^ Geological Surveys, when 
no longer needed for the investigations in i)rogress, should be transferred to the 
National Museum. 

The committee reconnnend, that upon the organization of the United States Coast 
and Interior Survey and the United States Geological Survey, a commission be formed, 
to consist of the Commissioner of the Land Office, Superintendent of the Coast and 
Interior Survey, Director of the United States Geological Survey, and Chief of Engineers 
of the Army, and three other persons to be apiM)inted by the President, who shall take 
into consideration the codification of the present laws relating to the survey and dis-. 
po.sitioii of the public domain ; and who shall report to Congress, within one year, a 
standard of classification and valuation of the public land, together with a system of 
land-parcelling survey. The necessity of this commission is evident from the fact 
that by far the larger part of the public domain lies in the region where, from geolo- 
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gioal and climatic causes, the lands are for the most part not valnable for field-culture, 
and where the system of homestead pre-emption and^^ sale in accordance with existing 
laws is both impracticable and undesirable. 

In regard to publications of the two surveys above defined, the committee recom- 
mend, Siat besides the number of copies of each report which Congress may order for 
its own distribution, three thousand copies be puolished for scientific excnanges by 
the heads of these surveys, and for sale at the price of publication ; that all literary 
and cartographic material received by the heads of these surveys in exchange be the 
property of the United States, and form a jwirt of the libraries of the two organiza- 
tions: that the money resulting from the sale of these publications be covered into 
the Treasury. The committee recommend that the annual reports of operations of 
the two surveys accompany the report of the Secretary of the Interior ; that the special 
memoirs and rex>orts of both surveys be issued in uniform quarto series ; that the 
style and scale of the cartographic publications be determinea by the head of each 
organization, so as to express the scientific results in the most effective and economi- 
cal manner. 
All of which is respectfully submitted. 

O. C. MARSH, 
Vice-President and Acting President. 
JAMES D. DANA, 
WILLIAM B. ROGERS, 
J. S. NEWBERRY, 
W. P. TROWBRIDGE, 
SIMON NEWCOMB, 
ALEX, A6ASSIZ, 

Members of the Committee. 
New York, November 6, 1878. 

At the meeting of the National Academy of Sciences, held in New York November 
6, 1878, the above report was adopted. 

O. C. MARSH, 
Acting President. 
J. H. C. Coffin, 

Monte Secretary. 



Appendix E. 

ON A PROPOSED MODIFICATION OF FOUCAULT*S METHOD OF MEASURING THE VELOCITY 

OF LIGHT. 

By Simon Newcomb. 
[Communicated to the National Academy of Sciences, April — , 1878.] 

The measnrement of the velocity of light has jnstly been regarded as among the 
most important as well as most dimcult of optical experiments. The difficulty arises 
from the extreme velocity. An idea of it may be formed by reflecting that light would 
pass around the earth eight times in a single second, and would pass between the most 
distant stations on the earth's surface, visible to each other, in a fraction of a thou- 
sandth part of a second. Its importance arises partly from the knowledge which we 
may hope thence to attain respecting the qualities of the luminiforous ether and the 
relation between light, electricity and other visible forces, and partly from the fact, 
now generally recognized, that a successful and accurate measure of this velocity 
would enable us to determine the distance of the sun with more accuracy than by any 
other method* The time required for light to come from the sun to the earth may be 
considered as known within the fraction of a second by the phenomena of aberration. 
It, therefore, only remains to determine its velocity in miles per second to obtain the 
distance of the sun in miles. It is a curious fact that, so far as known, no attempt to 
determine the velocity of light has been made, except by French physicists. Two 
distinct methods have been applied by them, which are associated with the names of 
their respective inventors, Fizeau and Foucault. The essential feature of the latter 
method is a revolving mirror from which a beam of light is reflected to a fixed concave 
mirror, thence reflected back to the revolving mirror, and so returned to its original 
source. The space through which the light passed in order to have the time of passage 
measured was only a few yards. It would have been impossible to see the image of 
Foncanlt's reticule with his fixed reflector at any considerable distance. 

In the method of Fizeau the main feature is a revolving tooth-wheel. A ray of light 
is sent between the teeth of the wheel to the distant reflector, and on its return is cut 
off by the intervention of a tooth, because the wheel moves during the interval re- 
quired by the light to go and come. As compared with the former method this has 
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the advantage that the distant reflector can l>e placed many miles away, so that the 
tim^ to he mcaaiired is greatly increased, but it has the disadvantage that it is impos- 
aiblB to fix the precise velocity of revolution of the toothed wheel sS> which the retam 
light is cat ofL Aa the velocity varies, the disap])earance of the light is not sudden, 
but gradual: doubt must therefore always remam as to the exact velocity when it dis- 
apffMAEik On the other hand, in the method of Foucault, the velocity depends upon an 
angular measure with the micrometer, which can be msbde with great precision, if we 
can only obtain a considerable angular deviation. 

The result of these uncertainties is that the measures made by the two French 
physiclBts differ by nearlv one per cent, of their whole amount. Using the velocity 
leoeatiy found by Comu, by Fizeau's method, the solar parallax would be 8^^794, while 
Foocacdt's measures give 8.860. These are about the admissible limits of the solar 
paraUax at determined by other methods, so that no decisive result can be obtained 
until we know which determination is correct. It is now proposed to combine the ad- 
vantages of both methods by using a revolving mirror, and also placing the fixed 
lefleotor at a considerable distance, probably between one and three miles. The lines 
of a reticule will of course then be in\isible, and any source of light will be greatly 
enfeebled. The difiiculty thus arising may be avoided by using, not a reticule, but an 
imi^e of a slit illuminated either by an electric light, or by the direct light of the 
4un. 

. In the plan which I have myself worked out, I propose to use a larger mirror than 
that employed by Foucault. Of course a high velocity will not then be attainable, 
but, on the other hand, a much more accui-ate and certain optical measurement may 
be jioesible. The lower velocity of the mirror may be more than compensated by the 
sreat distance at which it will be possible to place the fixed I'efieetor. By this modi- 
fication it will not be possible to see the returmng image in the same telescope through 
which the ray is sent. I propose, therefore, to use two telescopes, one to send tne 
ray out. and another to receive it on its return. The size of the mirror will then have 
to be ooubled. The most advantageous size will probably be three inches by six 
inches, the axis of revolution being longitudinal. The lower half of the mirror will 
be used to send the ray out, while on its return it will be received on the upper half. 

Recent trials of a still dificrent and more simple apparatus have been made at the 
Naval Academy by Ensign Albert A. Michelson, U. S. N. His apparatus is more like 
that of Foucault than that which I propose. The main improvement which he has 
made is the obviously essential one oi placing the fixed mirror at a considerable dis- 
tance, and using direct sunlight instead of the image of a reticule. In examining Mr. 
Michelson's apparatus I have been surprised at the great ease with which all the diffi- 
culties I had anticipated may l)e overcome. To prevent any misapprehension, I will 
say that his apparatus has been entirely of his own devising. 

what I now nope is that the academy will give its sanction to some method of pro- 
curing the funds necessary to carry out these experiments. Several of our physicists 
have made efforts in this direcrtion, the most recent, so far as I am aware, being our 
colleague. Professor Barker. They have thus far been unsuccessful, and the academy 
may consider the question of .sufficient national imi)ortance to ask the government to 
bear the expense. 

REPORT ON MEASURING THE VELOCITY OF LIGHT. 

The select committee to whom it was referred to consider "The plan proposed 
by Professor Newcomb for measuring the velocity of light, and the means of carrying 
it into effect," with instructions to report on the subject to the president and council, 
have attended to the duty assigned them, and beg leave to rei)ort as follows: 

The object which Professor Newcomb hopes to accomplish by his proposed experi- 
mental investigations is one of great scientific importance. To determine with accu- 
racy the velocity with which light is propagated through space is not only to settle a 
question of much interest in physical optics, but also to contril)ute valuable aid 
toward the solution of important and difficult questions in astronomy. 

The approximate values heretofore obtained for the velocity of light have been 
reached by methods belonging to two classes characteristically different — the first 
astronomical, the second mechanical. It is to astronomy, indeed, that we owe our 
knowledge of the fact that light is not propagated instantaneously to any distance. 
The discussion of the eclipses of the satellites of Jupiter by Roemer, about two hun- 
dred years ago, brought clearly out the fact that the times' of observed occurrence of 
the phenomena are att'ected by the distance of the planet from the earth, and that the 
discrepancies between the observed and calculated times are proportionate to the 
variations of this distance. The dimensions of the earth's orbit furnish, therefore, a 
means of measuring the rate at which light travels through space. This means might 
have sufficed for the purpose, had the dimensions of the orbit been themselves exactly 
known. 
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Whatever kiiowleilge we poHsess, however, of these dimensions depends npon the 
de^nree of ai'ciiracy with whicli the 8iiu*4 horizontal parallax has bc^n ascertained ; 
and this, while it is the most importaut of the constants of astronomy, is also the most 
diificiilt of all to be determined. No other has occupied so many years of the time of 
astronomers, or has been the subject of so protracted and unwearied labors on the part 
of observers and computern, as this. The celestial phenomena most favorable to its 
determination are of very rare occurrence, taking place at alternate intervals of eight 
and more than one hundred years. In order to profit by them it is necessary moreover 
that thev should be simultaneously observed from stations on the earth the most widely 
distant ^rom each other ymssible. ' On this account the governments of most civilized 
nations, in view of the importance and value of the results to be secured by the ob- 
servation of these phenomena, have felt themselves justified in sending out large and 
costly expeilitious to remote and often inhospitable regions^ occupying in the prelim- 
inary pre))aratious and subsequent supplementary observations many months and im- 
mense labor. Yet after all this lavish expenditiire of money and time and physical 
toil and scientific skill, the distance of the earth from the sun continues to be uncer« 
tain to the extent of nearly a million of miles, or approximately the one-hnndredth 
part. The same degree of uncertainty exists, therefore, in regard to the velocity of 
light as deterinine<l by astronomical methods. 

A second astronomical method is derive<l from the aberration of light, a phenomenon 
detected by Brsulley about a century and a half ago; but this depenos again npon a 
previous knowledge of the rate of motion of the earth itself in its orbit, and brings us 
back once more to the sun's horizontal parallax. 

The mechanical method of making the same determination has been attempted by 
two distinguished physicists, both well known for the ingenuity they have displayed 
in the ]>rosecution of their numerous and various experimental researches. These 
investicators, both of them members of the French Aca<lemy of Sciences, occupied 
themselves almost simultaneously with this questicm between twenty and thirty years 
ago; but the mechanical contrivances employed by them for the purpose were differ- 
ent. Mr. Fizeaii, the first to make the attempt, employed a rapidly-revolving toothed 
wheel, between the teeth of which a ray of light from a fixed raidiant was sent to a 
distant miiTor and returned by refle<'tion to the eye of the observer stationed behind 
the wheel. If, during the passage of the ray to the mirror and back again, the rate 
of rotation of the wheel is such as to bring a tooth to occupy the place of the inter- 
space through which the ray wa« traiismitted, the returning light will be intercepted, 
and the image of the rnxliaiit will no longer bo perceived. A greater or less velocity 
or rotation will make it once more per<*e^)tible. The velocity of rotation of the wheel 
beijig known ihr the moment when the intersection of the light is complete, and the 
distance of the mirror from the wheel having been carefully measured, this method 
should give the true velocity of light ; and it would do so, provided the moment of 
extinction of the light were shar]»ly defined. But this is not the case, the brightnesa 
fjwiing away by degrees as the tooth gra<lually encroa(fhes upon the path of the return- 
ing ray. Moreover, as the method requires a progressively increasing velocity in the 
rotation of the wheel, there is some ditficulty in determining what is the exact velocity 
of rotation at tlie critical moment. 

In these respects the contrivance employed by M. Foucault a few years later for the 
8«ame puii>ose possesses deci<le<l advantages. M. Foucault made use of a raindly revolv- 
ing plane mirror, from wliich the image of a sender-line reticule reflected to a fixed con- 
cave mirror is, on the return of the light, a second time reflected into the direction of 
the originally incident beam. The change of position of the revolving mirror during 
the brief interval between the first and second reflections displaces the image seen 
by the reflected light, and the reticule appears to the observer to be double. The 
amount of displacement mi(!rometrically measured furnishes the means of determining 
how great a change had taken j>lace in the angular position of the mirror between the 
two reflections, and this, with the observed velocity of the mirror, gives the value of 
the same interval in time. Then, by measuring the distance between the two mirrors 
and doubling this, there is obtained the space passed over by light during this minute 
interval, and hence, by influence the space passed over i)er second, which the con- 
stant sought. 

This method, however, like the first, has a disadvantage peculiar to itself. The 
image of the delicate lines of the reticule seen by reflection is too faint to be visible 
when the distance of the fixed mirror is great. Hence, in the actual application of 
the method by Foucault, the space passed over by the light for wliich the time of pas- 
sage was determined amounted only to a few yards. Considering, therefore, that this 
time can hardly exceed the ten-millionth part of a second, it is obvious that the un- 
avoidable errors of observation, however minute, must introduce some degree of uncer- 
tainty into the result obtained. 

In the method of Fizeau the distance of the fixed mirror is not thus necessarily lim- 
ited, but may be made as great as ten or twenty miles, or even more. The interval of 
time to be measured is still very small, perhaps as small as one fonr-thonsandth or one 
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five-thousandth part of a second ; but this, in comparison with that above mentioned, 
is a lar^e duration, and, with a wheel making six or eight hundred turns per second, 
it may be measured with a very close approach to exactness. 

Professor Newcomb proposes to employ a method which embraces the advantages 
and excludes the disadvantages of the methods of both the distinguished French in- 
vestigators. He would employ the revolving mirror instead of the toothed wneel, and 
would place the fixed mirror at the distance of several miles; substituting, in order 
that in this arrangement the object to be observed may not become invisible on ac- 
count of the faintness of the returning light, a longitudinal opening or slit, illuminated 
by electricity or by the direct rays of the sun, instead of the spider reticule. 

This will require the employment of two telescopes, one for transmitting the ray 
from its source, and the other for receiving it after reflection. The mirror wfil accord- 
ingly require to be somewhat elongated, and, encountering greater resistance, will 
probably revolve with less velocity than that employed by Foucault, but there will 
be the compep<w.ti?ii)t-adK-7*jtixo'e that a greater degree of precision in observation will 
be likeJ^ttToo attained. 

I^^utessor Newcomb proposes to give to his mirror the dimensions three inches by 
six. It occurs to the committee to suggest that, since two telescopes are to be em- 
ployed, there might be something gained in respect to convenience of arrangement by 
employing two mirrors also, the returning ray being received in a different azimuth 
from that of the ray seiit out. Also that, with careful adjustment, it would seem prac- 
ticable to reduce these mirrors to a size not exceeding two inches square each. 

Upon a careful consideration of the proposition of Professor Newcomb, the committee 
are unanimously of opinion that, in case the experimental process is skillfully carried 
out, it promises to secure a result upon which a much more confident reliance can be 
placed than it is possible to give to any that has been hitherto reached in regard to 
the velocity of light. 

By the astronomical method of Roemer, this velocity, after the transit of Venus of 
1769, was fixed at 192,700 mUes per second. If we assume the equatorial horizontal 
parallax of the sun to be 8". 83, which is about a mean between the various more re- 
cent determinations, a second astronomical method derived from the observed aberra- 
tion of light gives a velocity of 185,200 miles. 

The velocities obtained by Fizeau in successive experiments by his mechanical 
method were 196,000 miles and 194,000. 

The velocities obtained by Foucault were 192,950 and 190,250 miles. 

Those obtained by Comu, employing the method of Fizeau, were, in 1873, with a 
fixed mirror distant ab*out six and one-half miled, 185,490 miles; and in 1875, with the 
mirror distant more than fourteen miles, 186,460 miles. 

It is easy to see how important in its relation to all the questions which concern the 
dimensions of the solar system and the magnitude of the masses composing it, as well 
as to those which involve the distances of the fixed stars and their absolute motions 
in space, must be an exact determination of the constant in question by a method 
wholly independent of astronomy. 

The committee therefore concur in the opinion that the plan proposed by Professor 
Newcomb should, if possible, be carried into execution, as promising to reduce within 
very narrow limits the uncertainty which still exists in regard to this interesting and 
important element of our scientific knowledge. 

In regard to the provision of means for securing the proper execution of the scheme, 
the committee aie unanimously of the opinion that an application should be made to 
the Congress of the United States. The proposed investigation belongs to that class 
of inquiries for which enlightened governments have always esteemed it to be their 
proper province to provide. There is reason to believe that the result in this case will 
be to secure a more exact determination of the solar parallax than has yet been ob- 
tained, after all the labor and expense which have been bestowed on observations of 
the transits of Venus. It can hardly be doubted, therefore, that if the subject should 
be properly presented to Congress, that body, which has in a variety of ways hitherto 
done so much for the advancement of science, might be disposed to lend its aid to the 
accomplishment of this object also. 

All of which is respectfully submitted. 

New York, January 20, 1879. 

F. A. P. BARNARD, 
WOLCOTT GIBBS, 
HENRY MORTON, 
GEORGE F. BARKER, 
E. C. PICKERING, 

Committee, 
To Prof. 0. C. Marsh, 

Acting President of the National Academy of Sciences. 

H. Mis. 7 3 
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The National Academy of Sciences was established by act of 
Congress in March, 1863, with power to frame its own constitu- 
tion, select its own members, and provide in other respects for 
its continuance and successful operation. 

The object of the Academy is to advance science, pure and ap- 
plied, by original researches; to invite the attention and aid of 
the Government to scientilic inquiries of special public import- 
ance, to be directed by the academy; and especially to investi- 
gate and report on any subject of science or art whenever called 
upon to do so by any department of the Government. It is also 
empowered by its charter to report to Congress on all matters 
needful or usual in such institutions. 

The academy contains at present about one hundred members, 
representing nearly every department of knowledge, whose ser- 
vices, in accordance with the charter of the academy, are always 
at the disposal of the Government. 

SESSIONS OF THE NATIONAL ACADEMY. 

Since the last report of the academy, submitted to Congress 
May 1, 1880, it has held three sessions, viz., that convened at 
Columbia College, New York, November 16 to 19, 1880, which 
was devoted entirely to scientific work, the regular annual meet- 
ing held in Washington, April 19 to 22, 1881, and a stated session 
held in Philadelphia, November 15 to 17, 1881. 

In conformity with the decision of the academy it is proposed 
that the present annual report to Congress shall include the pro- 
ceedings of the three sessions above referred to, and that here- 
after these annual reports shall be made to embrace the work of 
the academy from the beginning to the close of each calendar 
year. 

SCIENTIFIC SESSION HELD IN NEW YORK CITY, 

NOVEMBER 16 TO 19, 1880. 

At this session, held in rooms in Columbia College kindly 
provided for the use of the academy by the college authorities, 
the following members were in attendance : 

Agassi z. 

Baird. 

Barker. 

Barnard. 

Chandler. 

Coffin. 

Cope. 

Draper (H.) 



Draper (J. B.) 


Mayer. 


Rutherford. 


Gibbs. 


Morse. 


Silliuian. 


Gould. 


Morton. 


Scudder. 


Hall. 


Newton. 


Trowbridge. 


Hilgard. 


Newberry. 


Trumbull. 


Hunt. 


Peters. 


Young. 


Langley. 


Pickering. 




Marsh. 


Rood. 





Ill tLo absence of Presideut KoiJ^ers, on account of illness, the 
meetings were presided over by Vice-President Marsh. 

The following papers, twenty-eight in number, were read and 
discussed. 

TITLES OF PAPEKS. 

1. Report on the Dredging Cruise of the United States Steamer 
Blake, Commander Bartlett, during the summer of 1880. — Alex- 
ander Agassiz. 

2. On the intimate Structure of certain Mineral Veins. — ^Ben- 
jamin Silliman. 

Remarks by Mr. Hunt. 

3. Notes on the relations of the Oneonta and Montrose Sand- 
stones with the Sandstones of the Catskill Mountains. — ^James 
Hall. 

4. On a new general method of analysis. — Wolcott Q-ibbs. 
Remarks bv Mr. Hunt. 

5. On some recent experiments in determining the electro- 
motive force of the Brush dynamo-electric machine. — Henry 
Morton. 

6. Measurement of new form of Electric Lamps operating by 
Incandescence. — Henry Morton. 

Remarks by Messrs. Gibbs and Barker. 

7. On the Phenacodontid?e. — E. D. Cope. 
Remarks by Mr. Newberry. 

8. On the Mimoravidje and Canid^v of the Miocene Period. — 
E. D. Cope. 

9. On the Basin of the Gulf of Mexico. — J. E. Hilgard. 

10. On the origin of the Coral Reefs of the Yucatan and Flor- 
ida Banks. — Alexander Agassiz. 

The subjects of these two papers were discussed by Messrs. 
Guyot, Morse, Coffin, and Newberry. 

11. Observations on Ice and Icebergs in the Polar Regions. — 
By Lieut. F. Schwatka, U. S. A., at the invitation of the academy. 

12. On the Duration of the Arctic Winter. — By Lieut. F. 
Schwatka, U. S. A., at the invitation of the academy. 

Remarks by Mr. Guyot. 

13. Mineralogical Notes. — Benjamin Silliman. 
Remarks by Messrs. Newberry and Morse. 

14. The relationship of the Carboniferous to living and extinct 
Myriapods. — Samuel H. Scudder. 

Remarks by Messrs. Agassiz and Morse. 

15. On measurement of Radiant Energy. — S. P. Langley. 
Remarks by Mr. Young. 

16. On the Bolometer. — S. P. Langley. 
Remarks by Mr. Barker. 



^ 17. Causes which determine the progressive movements of 

storms. — Elias Loomis. 
^*"- Read by home secretary. 

18. On the Antimony Mines of Southern Utah. — J. S. New- 
berry. 

Remarks by Messrs. Brush and Brewer. 

19. On the Conglomerate Ore Deposits of the United States 
and Mexico. — J. S. Newberry. 

20. On an improvement in the Sprengel Air-pump. — O. N. 
Rood. 

21. On the deposits of Crystalline Ores in Utah. — J. S. New- 
berry. 

22. On the Origin of Anthracite. — T. Sterry Hunt. 
Read by Mr. Newberry. 

Remarks by Mr. Newberry. 

23. On the Star List of Abul Hassan.— C. H. F. Peters. 
Remarks by Mr. Coffin. 

24. On photographing the Nebula in Orion. — Henry Draper. 
Remarks by Messrs. Rood, Pickering, and Langley. 

25. On Condensers for Currents of high potential. — George F. 
Barker. 

Remarks by Mr. Langle}'. 

26. On Sigsbee's Gravitating trap. — Alexander Agassiz. 

27. On the ellipticity of the Earth as deduced from pendulum 
experiments. — Charles S. Pierce. 

Read by Mr. Langley. 

Remarks by Messrs. Peters, Agassiz, and Langley. 

28. Dimensions of the Brain and Spinal Cord in some extinct 
Mammals. — O. C. Marsh. 

The vice-president announced the death, since the last meeting 
of the academy, of the following members: Jonathan Homer 
Lane, of Washington, D. C, May 3, 1880; Lewis F. Pourtales, 
of Cambridge, Mass., Julv 19, 1880; Samuel S. Haldeman, of 
Chickies, Pa., September 20, 1880. 

Messrs. J. E. Hilgard, Alexander Agassiz, and John L. Le 
Conte were selected to prepare biographical memoirs of the 
deceased members, respectively, in the order above stated. 

Mr. Le Conte having subsequently declined the task assigned 
him, Mr. J. P. Lesley was chosen to prepare the memoir of Mr. 
Haldeman. 

Mention was also made of the death of Prof. Benjamin Peirce, 
at Cambridge, Mass., who, though not recently associated with 
the academy, was one of its original members, and has been un- 
til within a few years an active participant in its labors. 

A few days after the close of this meeting the academy was 
deprived of another of its members by the death of James Craig 
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Watson, director of the Washburn Observatory, Madison, Wnu 
who died on November 23, 1880. Mr. J. E. Hilgard has beeil 
requested to prepare a biographical memoir of Mr. Watson, te' 
be presented to the academy, and has signified his willingness to 

do 80. 

TRUSTEE OF TYNDALL FUND. 

The vacancy created in the board of trustees of the Tyridall 
Fund by the death of General Hector Tyndall, of Philadelphia, 
has been filled by the appointment, May, 1880, by the President 
of the Academy, of Prof. Joseph Lovering, of Cambridge. 

In closing the session a resolution was adopted conveying the 
thanks of the academv to the trustees of Columbia Colleore for 
their courtesy in providing rooms for its sessions, and to President 
Barnard and the officers of Columbia College, as well as to the 
other members of the academy in New York, for their hospita- 
ble entertainment. 

The academy then adjourned to meet in the city of Washing- 
ton on April 19, 1881. 

RESTORATION AND PRESERVATION OF THE MANUSCRIPTS OF 

THE DECLARATION OF INDEPENDENCE. 

A communication was received May, 1880, from the Secretary 
of the Interior, Hon. Carl Schurz, as chairman of a committee 
appointed by act of Congress, requesting — 

The president of the National Academy of Sciences to appoint from among the 
members of the academy a committee to inquire into the practicability of restor- 
ing the faded writing of the original manuscript of the Declaration of Indepen- 
dence, and to report what measures, if any, can be adopted for its restoration, as 
well as how it may best be protected against further injury. 

In compliance with this request the following members of the 
academy were appointed a committee for the object referred to, 
namely, Wolcott Gibbs, J. E. Hilgard, C. F. Chandler, R. E. 
Rogers, J. L. Smith. 

After a careful investigation of the questions involved, the 
committee*agreed upon the following report, which was trasmitted 
to the Hon. Carl Schurz, Secretary of the Interior, January 18, 
1881: 

Report of the committee of the National Academy of Sciences on the reatoratlon of 

the manuscript of the Declaration of Independence. 

Prof. Wm. B. Kogers, 

President of the National Academy of Sciences : 

Sir : The committee of the National Academy of Sciences, to which was re- 
ferred the question of the restoration of the faded writing of the original manu- 
script of the Delaration of Independence, respectfully reports : 

That, in the judgment of the committee, it is not expedient to attempt to restore 
the manuscript by chemical means, partly because such methods of restoration are 
at best imperfect and uncertain in their results, and partly because the committee 
believes that the injury to the document in question is due, not merely to the fad- 



ing of the ink employed, but also and in a large measure to the fact that press 
copies have been taken from the original, so that a part of the ink has been re- 
moved from the parchment. 

The committee is therefore of the opinion that it will be best, either to cover 
the present receptacle of the manuscript with an opaque lid or to remove the 
manuscript from its frame and place it in a portfolio, where it may be protected 
from the action of light ; and furthermore that no press copies of any part of it 
should in future be permitted. 

WoLCOTT GiBBS, Chairman. 

J. E. HlLGABD, 

J. Lawrence Smith. 
E. E. Rogers. 
C. F. Chandler. 
Boston, January 7, 1881. 

STATED SESSION HELD IN WASHINGTON, APRIL 19, 1881. 

The meetings were held in All Souls church, the President, 
Wm. B. Rogers, in the chair. 

The following members were in attendance : 



Abbe. 


Gill. 


Marsh. 




Rogers, (Fairman.) 


Abbot. 


Guyot. 


Meigs. 




Schott. 


Baird. 


Hall, (Asaph.) 


Morse. 


• 


Schudder. 


Barker. 


Hilgard. 


]^ ewcomb. 




Silliman. 


Coffin. 


Humphreys. 


Peters. 




Walker. 


Cope. 


Hill. 


Powell. 




Warren. 


Cooke. 


Hunt. 


Peirce. 




Wood. 


Chandler. 


King. 


Rogers, (Wm. 


B.) 


Woodward. 


Ferrel. 


Langley. 


Rodgers, (Johi 


a.) 





LETTEK FROM THE PRESIDENT OF THE UNITED STATES. 

After a brief welcome from President Rogers, a letter was laid 
before the academy from his excellency President Garfield, ac- 
knowledging an invitation from the president of the academy to 
attend its meetings, and expressing the hope that he would be 
able to do so, and also appointed Thursday evening, April 21, as 
the time for the reception of the academy at the White House. 

APPOINTMENT OF A COMMITTEE ON METEOROLOGY. 

A communication was laid before the academy from General 
William B. Hazen, Chief Signal Oflicer, United States Army, 
under date of April 4, 1881, asking that a permanent committee 
be appointed with whom the Signal Officer might confer from 
time to time as to the best means of advancing the science of 
meteorology and its applications to the benefit of agriculture 
and commerce. 

The following-named members were thereupon appointed by 
the president a committee on meteorology to confer and co-oper- 
ate with the Chief Signal Officer: Mr. Newcomb, chairman, and 
Messrs. Loomis, Gibbs ( W.), Newton (H. A.), Ferrel, Schott, and 
Langley. 
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was entirely personal, the courts of the latter had exclusive jurisdiction of the 
bequest. 

As none of the executors named in the will are residents in Wisconsin, and as 
they are widely scattered, it will be difficult for more than one to act, and the ad- 
ministration will have to be conducted under the direction of the probate court at 
Madison. 

It is difficult to see what amount, if any, the academy will ultimately receive 
for the purposes desired by the testator, owing to two causes : the unsettled con- 
dition of several business enterprises in which our colleague had invested much 
of his means, and the indefinite character of his business arrangements with the 
University of Wisconsin. The only item of the estate to which even an approxi- 
mate cash value can be assigned consists of stock and policy in the Mutual Life 
Insurance Company of Michigan, the total value of which probably amounts to 
about $30,000. 

The next item in importance is the Printing and Publishing Company of Ann 
Arbor, of which the deceased owned 499 shares out of the total of 600. The 
actual cost of this stock was about $26,000, but the property at present owned by 
the company is of so miscellaneous a character and it is so complicated by litiga- 
tion as to make it hardly possible even to guess at the value of its assets. 

I judge, however, from a general examination of its property, that should the 
company go into liquidation it might realize anywhere from $5,000 to $16,000, 
but a debt of $5,000 is due from it, so that the net amount may range from zero 
to $10,000, the lower ultimate being more probable than the upper one. 

The next item in importance is the Chase Publishing Company of Toledo, 
which is said to be profitable, but to it no definite value can be assigned. 

On the other hand, our colleague at Madison expended considerable sums on 
improvements of the observatory and its grounds, without any distinct under- 
standing with the board of regents as to who should ultimately bear the expense. 
These improvements include the Watson solar observatory, the students' observa- 
tory, the fitting up of the director's house, the purchase of the transit instrument, 
and several other items. An amount of between $5,000 and $10,000 is, I believe, 
due on these various improvements, so that if the estate is to pay for them all it 
will be materially diminished. ' 

I may also add that, under the laws of Wisconsin, Mrs. Watson is entitled in 
lieu of the provision made for her in the will to accept one-third of the net pro- 
ceeds of the estate. It has been suggested that in the event of the estate not re- 
alizing the amount expected an arrangement should be made with Mrs. Watson 
to allow her the entire income from it during her life on condition of the entire 
amount reverting to the academy on her death This arrangement will probably 
commend itself if the amount shall be found insufficient to carry out the objects 
which our lamented colleague had at heart in making the bequest. 

The matter of the action of the academy on the Watson be- 
quest was referred to the council. 

INVITATIONS. 

Professor Newcomb invited the members of the academy to 
view his apparatus for measuring the velocity of light, in opera- 
tion at Fort Myer. 

A letter was received from Admiral and Mrs. John Rodgers, 
inviting the members of the academy and their families to a re- 
ception at the Naval Observatory on Wednesday evening, the 
20th instant, at eight o'clock. 

Also, an invitation from President and Mrs. Rogers to attend 
a reception at Wormley's Hotel on Thursday evening, immedi- 
ately after the reception at the White House. 

An announcement was made that there would be a meeting of 
the Anthropological Society at the Columbian College on the 
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evening of the 19th, to which the members of the academy were 
invited. 

A communication was received from the secretary of the Cos- 
mos Club of Washington, inviting the members of the academy 
to make use of the club-house during their stay; and from the 
Hon. Mr. Corcoran, to visit the Corcoran Gallery of Art and the 
Washington Monument. 

SCIENTIFIC PROCEEDINGS. 

At the opening of the scientific session, April 19, President 
Rogers delivered an address on " The Recent Progress in some 
Departments of Physical Science," which was followed by the 
reading of scientific papers. 

The following is a list of the scientific papers presented to the 
academy during the several days of its session, beginning April 19 

LIST OF PAPERS. 

1. On the domain of Physiology. — T. Sterry Hunt. 
Remarks by Mr. Cope. 

2. The Compass Plant of the Western Prairies. — By General 

E. Alvord, at the invitation of the academv. 

3. The Solar Constant. — S. P. Langley. 

4. The Color of the Sun. — S. P. Langley. 

5. On Mountain Observations. — S. P. Langley. 

6. On the relations of Soils to Health. — R. Pumpelly. 

7. Reduction to Sea level of Barometric Observations made at 
elevated stations. — Elias Loomis. 

Read by Mr. Abbe? 

Remarks by Messrs. Abbe, Peters, and Meigs. 

8. On Electric Light Photometry. — George F. Barker. 
Remarks by the president. 

-9. On the condenser method of measuring high tension cur- 
rents. — George F. Barker. 
Remarks by Mr. Abbot. 

10. On the relations between strains and impacts and the struc- 
ture of the feet of the Mammalia. — E. D. Cope. 

Remarks by Mr. Morse. 

11. On the progress of pendulum work. — C. S. Peirce. 

12. On the carbon lamp fiber in the thermo-balance. — George 

F. Barker. 

Remarks by Mr. Langley. 

13. Upon the production of Sound by radiant energy. — By 
Mr. A. Graham Bell, at the invitation of the academy. 

Remarks'by the president. 
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14. Oil the later Tertiary of the Gulf of Mexico.— E. W. Hil- 
gard. 

Read by Mr. Pumpelly. 

15. On the Utilization of the Sun's Rays in heating and venti- 
lating. — Edward S. Morse. 

Remarks by Messi^s. Hilgard, Coffin, and the president. 

16. Recent researches in the vicinity of Bering's Strait, com- 
prising — 

I. An account of the land ice of Kotzebue Sound and the 
Arctic Coast. — W. H. Dall, at the invitation of the acadeniv. 
Remarks by Messrs. Pumpelly, Morse, Guyot, and the president. 

17. II. Additions to our knowledge of the Currents and 
Temperature of the Ocean in the vicinity of Bering's Strait — 
W. H. Dall, at the invitation of the academy. 

Remarks by Messrs. J. E. Hilgard and Guj'ot. 

18. Results just obtained with regard to the Molecular weight 
of Hydro-fluoric acid. — J. W. Mallet, at the invitation of the 
academy. 

Remarks by Mr. Barker. 

19. A method for finding the proximities of the Orbits of Minor 
Planets.— C. H. F. Peters. 

20. On Incandescent Lights. — George F. Barker. 

21. On the Auriferous Gravels of California. — T. Sterry Hunt. 

BIOGRAPHICAL MEMOIK. 

At the meeting on April 21 a biographical memoir of Louis F. 
Pourtales, prepared by Mr. Agassiz, w^as read by Mr. Guyot, the 
author being absent. 

VISIT OF THE PRESIDENT OF THE UNITED STATES. 

While the reading of the papers was in progress, on the last 
day of the session. President Garfield entered the room, and at 
the invitation of the president of the academy, occupied a seat 
upon the platform, where he remained until the close of the 
meeting. 

RESIGNATIONS. 

Mr. Fairman Rogers having resigned the office of treasurer, 
which he had held for sixteen years, and Mr. Coffin that of home 
secretary, resolutions were adopted thanking these officers for 
their faithful services. 

ELECTIONS. 

Mr. Simon Newcomb was elected to the office of home secre- 
tary of the academy in place of Mr. J. H. C. Coffin, resigned. 

Mr. J. H. C. Coffin was elected treasurer of the academy in 
place of Mr. Fairman Rogers, resigned. 
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The following members were elected to the Council for the 
ensuing year: 

Gibbs, ( W. ) Baird, ( S. F. ) King, ( C. ) 

Hall, (A.) Hilgard. (J. E.) Rogers, (F.) 

The new membeis elected were H. A. Rowland of Johns Hop- 
kins University, Baltimore, and Arthur W. Wright of Yale Col- 
lege, New Haven. 

AMENDMENTS TO CONSTITUTION AND RULES. 

The pending amendment to Section 4, Article IV, of the con- 
stitution was adopted, making the section read as follows: 

Nomination of members and foreign associates may be made in writing, signed 
by any five menibors of tlie academy, at any stated session, to be voted on at the 
next stated session to be held m Washington. 

Section 5, Article IV", was adopted, as follows: 

Elections for membership shall be held in the following manner: Each member 
may inscribe on a ballot not more than live names of nominees selected from the 
list. Absent members may send such ballots to the home secretary. From the 
seven names receiving the highest number of votes in this preference ballot, the 
members present may proceed to elect new members in the following manner : 
At each ballot each member present may vote for not exceeding three persons, and 
the person receiving the highest number of votes shall be declared elected, pro- 
vided that he receive two-thirds of the votes cast and his name appear on not less 
than twenty ballots ; and provided further, that the number of members of the 
academy be not already one hundred or over, in which case to be declared elected 
he must receive four-fifths of the votes cast, and his name must appear on at least 
twenty-five ballots. 

Should several candidates have the same minimum number of votes on the pre- 
ference list, the requisite number for completing the list shall be selected from 
them by a two-thirds vote of the members present. 

Elections of members shall be held only at the regular stated session of each 
year held in Washington, and not more than five members shall be elected at that 
session. 

Before and during elections a discussion of the merits of nominees will be in 
order. 

The election of members may be suspended at any time by a majority vote of 
the members present. 

This amendment restricts the election to the seven names re- 
ceiving the highest number of votes in the preference ballot; 
requires not less than twenty ballots to elect if the number of the 
academy shall not thereby be increased above one hundred, and 
not less than twenty-live ballots if the number shall be increased 
above one hundred. 

The council having recommended that the second clause of the 
regulation anjending Rules XI and XIII. on printing, adopted at 
the last April session, be amended so as to read, '* ifot later than 
one month after" instead of '*at the meeting," this amendment 
was adopted. 

The following amendment to Section 1, Article I, was recom- 
mended by the council for adoption, to be voted on at the next 
stated session, viz: 

Amend Section 1, Article I, by adding the words, ''members shall be citizens 
of the United States or have declared their intention to become so.*' 
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RESOLUTIONS OF THANKS, ETC. 

A resolution was passed thanking the trustees of All Souls' 
Church for their courtesy in granting the use of their building 't:o 
the academy for its meetings. 

Also, resolutions were passed expressing the thanks of thi e 
academy to the Hon. W". W. Corcoran, for his invitation to \nsf t 
the Corcoran Gallery and the Washington Monument; and t^ 
the Anthropological Society and Cosmos Club of Washington, 
for their kind invitations to members of the academy. 

The academy adjourned on Friday, April 22, to meet in stated 
session in Philadelphia on November 15, 1881. 

ADVISORY COMMITTEE ON THE COMING TRANSIT OF VENUS. 

The British Minister at Washington in a communication to our Government 
dated April 11, 1881, stated that the lords commissioners of Her Majesty's treasury 
have deputed to a committee of the Council of the Royal Society of London the 
preliminary duty of reporting to Her Majesty's Government for approval what 
arrangements should be made, So far as Great BHtain is concerned, for taking part 
in the observations of the approaching Transit of Venus, and that said committee 
is desirous of knowing what part in the same work is to be undertaken by forei^-n 
governments who are likely to take active steps for observing the Transit. 

This communication was transmitted by the decretory of the Navy of the United 
States to Rear- Admiral John Rodgers, the Superintendent of the United Slates 
Naval Observatory, who is the president of the commission appointed by our Gov- 
ernment some years since to make arrangements for the observations of the Transit 
of Venus of 1874, and matters relating thereto. 

This commission, which is regarded as still in force, being desirous to take meas- 
ures as early as practicable to prepare for the observations by American astron ti- 
mers of the Transit of 1882, ha?, through its president, the Superintendent of the 
United States Naval Observatory, requested me, as president of the National 

Academy of Sciences and as a member of said commission, to nominate 

members of the academj', who shall form an advisory committee to co-operate with 
the commission in determining the best methods of observing the approaching 
Transit, as well as the stations to be occupied and the instruments to be used. 

In conformity with the request of the Superintendent of the United States Naval 
Observatory, the following members of the Academy have been designated as a 
committee to aid the commission in the preparatory work referred to: 

Prof. C. H. F. Peters, Litchfield Observatory, Clinton, N. Y. 

Prof. S. P. Langley, Allegheny Observatory, Pittsburgh, Pa. 

Prof. E. C. Pickering, Harvard College Observatory, Cambridge, Mass. 

Prof. C. A. Young, Princeton College, Princeton, N. J. 

Prof. H. A. Newton, Yale College, New Haven, Conn. 

Prof. Henry Draper, New York. 

These gentlemen have signified their willingness to serve on the committee. 



STATED SESSION HELD IN PHILADELPHIA, NOVEMBER 15 TO 

17, 1881. 

The meetings of this session were held at the University of 
Pennsylvania, in rooms kindly provided by the authorities of the 
University. 
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8. Succession in time of the AUotheria. — 0. C. Marsh. 
Remarks by Mr. Cope. 

9. The distribution of the Corals of the Tortugas. — A, Agassiz. 
liemarks by Mr. Silliman. 

10. A comparison between the shells of Kjokkenmoddings and 
present shells of the species. — E. S. Morse. 

Remarks by Messrs. Marsh and Cope. 

11. On a form of Regulator for the driving clock of an Equa- 
torial. — C. A. Young. 

12. On the objects and results of the recent Expedition to 
Mount Whitney. — S. P. Langley. 

Remarks by Messrs. Rowland, Gibbs, Agassiz, and Abbe. 

13. Notice of a remarkable mineral vein in the Black Range 
(Negretta Mountains) of Socorro County, New Mexico. — B. Silli- 
man. 

14. Statement respecting experiments on the Velocity of 
Light. — Simon Newcomb. 

Read by the secretary. (See page — of present report.) 

15. On the Logic of Number. — C. S. Peirce. 

16. On Hydrometer Scales. — C. F. Chandler. 
Remarks by Messrs. Peirce and Silliman. 

17. On Chinoline, its synthesis and medical uses. — Henry 
Morton. 

Remarks bj^ Mr. Abbe. 

18. On the Theory of the Bvnamo-electric Machine. — W. 
Gibbs. 

Remarks by Messrs. Rowland, Morton, and Baker. 

19. Facts regarding Sorghum and some conclusions as to its 
value as a source of Sugar. — Peter Collier, presented by Mr. 
Silliman, at the invitation of the academy. 

Remarks by Messrs. Chandler and Abbe. 

20. On Mascart's Electrometer and its use as a Meteorological 
Instrument. — G. F. Barker. 

Remarks by Messrs. Abbe and Rowland. 

21. On the Fossil and recent Faunae of the Oregon Desert. — 
E. D. Cope. 

22. On a new form of Volumescope. — R. E. Rogers. 

23. The newly determined line of the Terminal Moraine across 
Pennsylvania. — J. P. Lesley. 

The last two named papers, though entered on the list of the 
secretary, were not read. 

BIOGRAPHICAL MEMOIR. 

At the meeting on November 16, a biographical memoir of the 
late S. F. Haldeman, prepared by Mr. J. P. Lesley, was read by 
the author. 
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RKPORT OF PKOGRESS IN THE EXPERIMENTS ON THE VELOCITY 

OF LIGHT. 

It is now about three years since the academy recommended an appropriation 
for a determination of the velocity of light on a larger scale than any before at- 
tempted. In accordance with this recommendation an appropriation was made 
in 1879, and the writer was assigned to the supervision of the experiments. They 
have now reached a staee when a definite- report of their progress can be made. 

The apparatus, though founded on well-known principles, was in its construc- 
tion and arrangement entirely new. Its completion was therefore a somewhat 
tedious process, in view of the precautions necessary at every step to avoid mis- 
take. It was therefore not until the summer of 1880 that it was actually mounted 
and got into operation. 

A selection of a site offered great difficulties. It was necessary — 

I. To have a nearly horizontal line of sight two miles in length, more or less, 
and so high above the ground that the atmospheric disturbances .should not be 
seriously perceived. 

II. To have both ends of the line under some form of public protection, conve- 
nient of access, and free from interruption. 

The station selected as the main one was Fort Whipple, now Fort 3Iyer, west 
of the Potomac. The great advantage of this station was its height, in consequence 
of which different points in the city of Washington could be selected, the rays of 
light from which would pass over the Potomac at an elevation ranging from 100 
to 150 feet. Its disadvantage was a distance of four miles from the central parts 
of Washington City. 

The station first chosen for the distant reflector was upon the grounds of the 
Naval Observatory. Between Fort Mever and the Observatory we succeeded 
during the summer and autumn of 1880 in making nearly' a hundred sets of meas- 
ures, the deviations ranging from 4° to 6°. 

Besides the regular measures on the ra3s of light two subsidiary determinations 
were of equal importance. One was a triangulation to determine the exact dis- 
tance of the two stations; the other, the determination of the value in arc of the 
divisions under the microscopes of the instnmients. The first determination was 
made under the auspices of the Coast Survey, by Assistant Sinclair, with the assist- 
ance of Midshipman J. H. L. Holcomb, United States Navy. 

Mr. Sinclair also made a determination of the value of one division of the pho- 
tolachometer by the aid of the theodolite. 

In the spring of 1881 a few more determinations were made between the same 
."Stations. The fixed mirrors were then removed to a station at the base of the 
Washington Monument, in order to make a new set of measures at a greater dis- 
tance. The distance to the Observatory was, in round numbers, 2,560 meters ; 
that to the Monument 3,720 meters. Great difficulties were, however, experienced 
in getting the apparatus into actual operation on the new line of sight. Tbe ad- 
justment of the mirrors had to be much more precise than when they were at the 
Observatory, not only on account of the long line of sight, but because the curva- 
ture of the mirrors corresponded more nearW to the greater distance, which ren- 
dered a more exact adjustment necessary. The pier on which the mirrors rested 
at the Monument was built on recently-made ground, so that for the first two 
months they were very unstable. Moreover, the rays were more obscured by 
smoke at the greater distance. Notwithstanding these drawbacks, when all the 
adjustments were successfully made, 'and the atmosphere was quite clear, the image 
was as well seen from the Monument as it had been from the Observatory. The 
angle of deviation on which the velocity depended was now increased to 8°. 

The results are not yet completely worked up, as it is necessary to combine 
the separate observations on some well-established uniiorm plan. The following 
preliminary results from the three series will, however, so far as yet known, be 

subject to but slight alterations : 

Kilometers per second. 

Summer of 1880, to Observatory 299,680 

Spring of 1881, to Observatory 299,720 

Autumn of 1881, from Monument 299,750 

These results are so embarassing, from two causes, that I hesitate about pub- 
lishing them. In the first place they are on the average more than 200 kilometers 

3 



/ 



18 

or j-^j^ part less than those of Mr. Michelson, Now, the latter aimed at permit- 
ting no source of error to creep in which could possibly amount to jjji^^ part of 
the whole, and from a careful examination of his work I am unable to assign any 
probable cause of error which should have affected it by even 50 kilometers. It 
is true there are two points connected with his work which I have not yet been 
able to examine. One is a possible inclination of the reflecting surface of his 
mirror to the axis of rotation. This axis was not independently adjusted to ver- 
ticality in his experiments, but was adj listed to throw the reflected ray along a 
certain path as the mirror revolved. If there were any lack of parallelism 
between the reflecting surfaces and the axis of rotation it might materially affect 
his results. The other point is the distance of his station. This distance was 
measured four times with a steel tape line, and although it seems scarcely possible 
that any systematic mistake should be made in this, in view of the care which Mr. 
Michelson must have devoted to the work, yet his description of his process is not 
so explicit that a scientific jury could pronounce the measure absolutely free from 
the possibility at error. 

The next circumstance which will be remarked is that the systematic differences 
between my results as given above so far exceed their probable error as to show 
heyond doubt that some or all of them are affected by systematic error of some 
kind. What the source of error may be I am unable to say with certainty. In 
fact I had supposed every possible source of such error to be so thoroughly guarded 
against that, during the whole course of the experiments, I neglected certain 
precautionary investigations of the apparatus which I now see should have been 
made. My attention was first called to this necessity in the spring of 1881 by 
noticing that the images from the four faces of the revolving mirror did not al- 
ways lie in the same vertical line. At length, in August, I one day observed, 
when the mirror was at high speed, that a set of two images separated themselves 
by, I should judge, one or two minutes from the other two. When the effect was 
thus increased the cause flashed upon me in a moment. The mirror in revolving 
was undergoing a torsional vibration, the period of which was some submultiple 
of that of revolution. This occurred just after making some dangerous alterations 
in one of the fan-wheels. I therefore sent the mirror to the Messrs. Clark to have 
its pivots examined and its balance tested. Mr. George Clark found it to be not 
only slightly out of balance, but the pivots to be worn somewhat out of round. 
As 1 was anxious to complete the experiments, he returned it immediately without 
regrinding the pivots. But the evil was as great as ever. I therefore returned 
it to him to have the pivots reground at the watch factory. 

Attention was now given to another source of error. If the revolution of the 
mirror was accompanied by any torsion, the result for the velocity of light would 
be affected thereby. This had been forseen from the beginning ; and to avoid it, 
fan-wheels had been placed on both ends of the mirror, so that being driven 
equally at both ends no torsion should have place. It now occurred to me that the 
exceedingly small torsion necessary to produce a considerable systematic error 
might still be possible. I therefore made arrangements for investigating the 
motion of the mirror by means of a reflector in its immediate neighborhood. 
The absolute effect of torsion would be as great from this near mirror as from the 
distant one. After the pivots were reground the mirror was found to run better 
than ever and to be free from any sensible torsional vibration. To put the ques- 
tion of systematic torsion to as severe a test as possible, several experiments were 
made by running the mirror with only a single fan-wheel. The torsion, meas- 
ured from the near mirror, was so slight that systematic error from that source 
scarcely seems possible. The concluding experiments have been made only 
within the last few days, and are not yet worked up, so that I am unable to pre- 
sent deflnitive results. 1 can only say that I have thus far been unable to detect 
any possible source of systematic error which could affect the result by so much as 
100 kilometers. 

The season is now so far advanced that no further investigations can be made 
until spring. It is, then, essential to the flnal success of the experiments that 
every source of possible systerpatic error shall be carefully investigated. But the 
appropriation made by Congress is now exhausted, and a new one will be necessary 
to go on with the experiments. I may add that the original estimated cost of the 
whole work was $7,000, of which only $5,000 has thus far been appropriated and 
expended. The remaining $2,000, if appropriated, will amply suffice for the pur- 
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pose in view, and I hope the academy will sustain me in recommending to the 
Secretary of the Navy thAt Congress be asked to appropriate that sum at the 
coming session. 

1 may add in the way of general remark that the whole of the operations have 
proved excessively tedious; far more so than expected, from several causes. One 
is the fact that the measures, especially at the greater distance, can only be made 
with a cloudless sun and an exceptionally clear atmosphere. Accordingly, a large 
part of the day is frequently spent in waiting for clouds to clear away, or una- 
vailing attempts to see the image through a smoky atmosphere. Another draw- 
back is the distance from the center of the city to the seat of the apparatus, ren- 
dering necessary an eight-mile drive for the smalle.^t operation that may be re- 
quired. These drawbacks are, however, absolutely unavoidable, and are mentioned 
principally to account for the great time which has been consumed in the experi- 
ments. 

I feel also that some explanation is due of my failure to make an early investi- 
gation of possible sources of systematic error. The reason i-* that the introduction 
of any new mechanism, such as is required for this purpose, disarranges the 
apparatus and renders a new adjustment necessary when the regular observations 
are tq be made. They were, therefore, postponed until the necessity was apparent. 
Unfortunately this did not occur until it was to late to carry them out with our 
present meMUs. 

It may also be remarked that much more time has been consumed on these than 
on any previous similar experiments. I should reply to this that I doubt if any 
physicist ever conceived of even the possibility of making the measurements of 
the velocity of light depend upon that of an arc so great as 8°, or of seeing a 
return flash in a revolving mirror from a distance of 2J English miles. 

S. Newcomb. 

Washington, November 15, 1881. 

AMENDMENT TO THE CONSTITUTION. 

The amendment to section 1, Article 1, approved at the meet- 
ing of the academy April, 1881, proposing to add at the close of 
the original sentence the words " members shall be citizens of 
the United States or shall have declared their intention to become 
so," was not adopted ; but, as a substitute, the following amend- 
ment was adopted in committee of the whole, to be voted on at 
the next stated session : 

A candidate for membership in the academy must be a citizen of the United 
States. 

RESOLUTIONS. 

The fpllowing resolution was offered by Mr. Silliman and 
referred to the council : 

Resolved^ That the subject of sorghum sugar, the experimental results on which, 
obtained during the three or four years last past by Dr. Peter Collier, of the 
Agricultural Department, submitted in brief, by invitation, to the academy at its 
Philadelphia session in November, 1881, is, in the opinion of the academy, of 
sufficient importance to be referred to a committee of chemists, members of this 
academy, with the request that they give Dr. Collier's results and methods a 
careful consideration, and report at their early convenience the conclusions to 
which they come. 

The following resolution was offered by Mr. Chandler and 
referred to the council : 

Resolved^ That a committee be appointed by the academy, to consider what 
acti«>n, if any, is desirable, with a view to establishing a legal value for the de- 
grees of the Beaum^ and other hydrometers of arbitrary scales ; the committee to 
report at the next meeting. 
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Both these resolutions were approved by the council, where- 
upon the president appointed the following members of the 
academy to constitute the committees referred to : 

On sorghum sugar, Messrs. Silliman, Johnson, Chandler, and 
L. Smith.* 

On hydrometer scales, Messrs. Chandler, Ililgard, and Morton. 

On motion of Mr. Barker it was — 

Jiesolved^ That the National Academy of Sciences cordially approves of the 
formation of an international commission on electrical units, as suggested by the 
Paris Electrical Congress, and earnestly hopes that the necessarj- appropriation 
mav be made by the Concrress of the United States to enable the members of this 
academy already appointed on this commission, through the Department of State, 
to carry out the needed experimental determinations with credit to the country. 

Kesolutions were adopted thanking the trustees and faculty of 
the University of Pennsylvania for the use of the building during 
the meeting of the academy, and to the Academy of Natural 
Sciences of Philadelphia for placing its facilities at the service of 
the National Academy. 

A resolution was adopted thanking the Western Union Tele- 
graph Company and the American District Company for the use 
of their respective services. 

At 3 p. m. the academy adjourned to meet in Washington on 
the third Tuesday of April next, (April 18, 1882.) 

It was intended, in accordance with the decision of the academy 
at the meeting of April last, to include in the present report, 
along with the proceedings and special reports heretofore usually 
published, all the scientific papers, either in full or in abstract, 
as the case might be, which have been presented and accepted at 
the several meetings to which the report relates. It has been 
found, however, that this intention could not now be carried out, 
as, from insuflScient notice and other causes, only a few of the 
papers read before the academy have been furnished for incor- 
poration in the report. It is nevertheless confidently expected 
that in future annual reports the scientific work of the academy 
will be fully set forth in the way proposed. 

This new feature of the reports of the academy is so obviously 
essential to a proper representation of its labors as a scientific 
body, and therefore of its operations as contemplated in its char- 
ter, that it must, we think, be regarded as an authorized if not a 
required part of the annual report expected from it by the Gov- 
ernment. 

As regards the publication of these larger and complete re- 



* Since the meeting of the academy the Commissioner of Agriculture, Hon. 
George B. Loring, having been informed by the president of the Academy of its 
action as above stated, has forwarded to him the documents on the subject, with 
the request that they be submitted to a committee of the academy for examination, 
adding, *'that if this reference involves a scientific investigation of the sorghum 
question he will be greatly obliged for the report." These documents have been 
placed in the hands of the committee for the purpose. 

This Committee was enlarged by adding "W. H. Brewer, a member of the 
Academy, and C, A. Goessman and Gideon E. Moore, not members. 
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ports, it may be added, that, altlioui^h the investigations of the 
members of the academy are in general accessible in the scientific 
journals or the proceedings of other societies, such a collected 
publication of its scientific transactions as that proposed seems to 
be demanded by a regard to the rank of the academy among the 
scientific organizations of the country and the importance of its 
labors, as well as by its peculiar responsibility as a scientific ad- 
viser of the Government. 

In conclusion, 1 may be allowed to say that, inasmuch as the 
academy is at all times ready to respond to the official calls made 
upon it for scientific service, and as its members do not receive 
compensation for the time and labor expended by them in such 
investigations, we feel warranted in assuming that the Govern- 
ment will willingly authorize the additional expense attendant 
on the publication of its scientific papers as part of its annual 

report. 

William B. Rogers, 

Fresideni National Academy of Sciences. 



APPENDIX A. 

AN ACT to incorporate the National Academy of Sciences. 

Be it enacted by the Senate and Huiifie of Rep rf sent atives of the United States of 
America in Congrens aHneinbled^ That Louis A«i;assiz, Massachusetts; J. H. Alex- 
ander, Maryland; S. Alexander, New Jersey; A. D. Bache, at large; F. A. P. 
Barnard, at large; J. G. Barnard, U. S. A.. Massachusetts; W. H. C. Bartlett, 
United States Military Academy, Missouri; U. A. Boyden, Massachusetts; 
Alexis Caswell, Rhode Island; William Chauvenet, Missouri; J. H. C. Coffin, 
United States Naval Academy, Maine; J. A. Dahlgren, U. S. N., Pennsylvania; 
J. D. Dana, Connecticut ; Charles H. Davis, IT. S. N., Massachusetts; George 
Engelmann, Saint Louis, Mo.; .1. F. Frazer, Pennsylvania; Wolcott Gibhs, New 
York; J. M. Gilliss, U. S. N., Kentucky; A. A. Gould, Massachusetts; B. A. 
Gould, Massachusetts; Asa Gray, Massachusetts; A. Guj^ot, New Jersey; James 
Hall, New York; Joseph Henry, at larii;e ; J. E. Hilgard, at large, Illinois; Ed- 
ward Hitchcock, Massachusetts; J. S. Hubbard, United States Naval Observa- 
tory, Connecticut; A. A. Humphreys, U. S. A., Pennsylvania; J. L. Le Conte, 
U. S. A., Pennsylvania; J. Leidy, Pennsylvania; J. P. Lesle}^, Pennsylvania; 
M. F. Longstreth, Pennsylvania; D. H. Malum, United States Military Acad- 
emy, Virginia ; J.S.Newberry, Ohio; H. A. Newton, Connecticut; Benjamin 
Peirce, Massachusetts; John Rodgers, U. S. N., Indiana; Fairman Rogers, 
Pennsylvania; R E. Rogers, Pennsylvania: W. B. Rogers, Massachusetts ; L. 
M. Rutherfurd, New York; Joseph Saxton, at large; Benjamin Silliman, Con- 
necticut; Benjamin Silliman, jr., Connecticut; Theodore Strong, New Jersey; 
John Torrey, New York ; J. (t. Totten, U. S. A., Connecticut; Joseph Win- 
lock, United States Nautical Almanac, Kentucky ; .Jeffries Wyman, Massachu- 
setts; J. D. Whitney, California, their associates and successors duly chosen, are 
hereby incorporated, constituted, and declared to be a body corporate by the name 
of the National Academy of Sciences. 

Sec. 2. And he it further enacted^ That the National Academy of Sciences shall 
consist of not more than fifty ordinary members, and the said corporation hereby 
constituted shall have power to make its owti organization, including its constitu- 
tion, by-laws, and rules and regulations; to fill all vacancies created by death, 
resignation, or otherwise; to provide for the election of foreign and domestic 
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meinbors, the division into classes, and all other matters needful or useful in such 
institutions, and to report the same to Congress. 

Sec. 3. And he ithirther enacted^ That the National Academy of Sciences shall 
hold an annual meeting at such place in the United States as may be designated, 
and the academy shall, whenever called upon by any department of the Govern- 
ment, investigate, examine, experiment, and report upon any subject of science or 
art, the actual expense of such investigations, examinations, experiments, and re- 
ports to be paid from appropriations which may be made for the purpose, but the 
academy shall receive no compensation whatever for any services to the Govern- 
ment of the United States. 

Approved March 3, 1863. 



AN ACT to amend the act to incorporate the National Academy of Sciences. 

Be it enacted hy the Senate and House of Representatives of the United States of 
America in Congress assernbled, That the act to incorporate the National Academy 
of Sciences, approved March 3d, eighteen hundred and sixty-three, be, and the 
same is hereby, so amended as to remove the limitation of the number of ordinary 
members of said academy as provided in said act. 

Approved July 14, 1870. 



APPENDIX B. 
ORGANIZATION OF THE NATIONAL ACADEMY OP SCIENCES, 

OFFICERS. 

Expiration of term. 

President, William B^ Rogers 1885 

Vice-President, O. ^ Marsh 1884 

' Foreign Secretary, Alexander Agassiz 1880 

Home Secretary, Simon Newcomb 1887 

Treasurer, J. H. C. CoflSn 1887 

COUNCIL. 



Wolcott Gibbs. S. F. Baird. 

Fairman Rogers. J. E. Hilgard. 

Asaph Hall. Clarence King. 

COMMITTEES. 

Coinniittee on Weights^ Measures^ and Coinage. — F. A. P. Barnard, Henr^' 
Draper, Wolcott Gibbs, J. E. Hilgard, S. Newcomb, M. C. Meigs, H. A. Newton, 
C. S. Peirce, W. P. Trowbridge. 

Committee to provide a fund for the academy. — Fairman Rogers, W. B. Rogers, 
C. F. Chandler, O. C. Marsh, Alexander Agassiz, J. L. Smith. 

Comm,itlee to verify the securities of the trust fund. — M. C. Meigs, Theodore Gill. 

Committee to co-operate with the National Board of Health. — S. Weir Mitchell, 
George Engelraann, J. Lawrence Smith, J. J. Woodward, F. A. Walker, George 
F. Barker, Chas. F. Chandler, Henry Draper, Wolcott Gibbs. 

Committee on Meteorology (for conference with Signal Service). — Simon New- 
comb, Elias Loomis, Woicoit Gibbs, H. A. Newton, William Ferrel, C. A. Schott, 
S. P. Langley, O. N. Rood, C. A. Young. 

Committee on Sorghum Sugar Investigations. — Benjamin Silliman, Samuel W. 
Johnson, Charles F. Chandler, J. Lawrence Smith. 

Committee on Hydrometer Scales. — C. F. Chandler, J. E. Hilgard, Henry Mor- 
ton. 
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MEMBERS. 

Abbe, Cleveland, Washinajton, D. C. 

Abbott, Henry L , U. ti. A., Whitestone, Long Island, N. Y. 

Allen, J. Asaph, Cambridge, Mass. 

Agassiz, Alexander, Cambridge, Mass. 

Alexander, Stephen, Princeton, N. J. 

Baird, Spencer F., Washington, D. C. 

Barker, George F., Philadelphia, Pa. 

Barnard, Frederick A. P., New York City. 

Barnard, J. G., U. S. A., New York City. 

Bartlett, William H. C, Yonkers, N. Y.' 

Brewer, William H., New Haven, Conn. 

Brown-Sequard, Charles E., 18 East Twenty-ninth street, New York. 

Brush, George J., New Haven, Conn. 

Chandler, Charles F., New York City. 

Coffin, John H. C, U. S. N., Washington, D. C. 

Cooke, Josiah P., Jr., Cambridge, Mass. 

Cope, Edward I)., Philadelphia, Pa. 

Coues, Elliott, U. S. A., Washington, D. C. 

Crafts, James M., 44 Beacon street, Boston, Mass. 

Dalton, John C, 41 West Forty-eighth street. New York City. 

Dana, James I>., New Haven, Conn. 

Davidson, George, San Francisco, Cal. 

Draper, Henry, New York City. 

Draper, John W., Hastings on Hudson, N. Y. 

Eads, James B., Saint Louis, Mo. 

Farlow, W. G., Cambridge, Mass. 

Ferrel, William, Washington, D. C. 

Gcnth, Frederick A., Philadelphia, Pa. 

Gibbs, Josiah Willard, New Haven, Conn. 

Gibbs, W|flcott, Cambridge, Mass. 

Gill, Theodore, Washington, D. C. 

Gould, Benjamin Apthorp, Cordoba, Argentine Republic, South America. 

Guyot, Arnold, Princeton, N. J. 

Hall, Asaph, U. S. N., Washington, D. C. 

Hall, James, Albany, N. Y. 

Hayden, F. B., Philadelphia, Pa. 
flilgard, Eugene W., Berkeley, Cal. 

Hilgard, Julius E., Washington, D. C. 

Hill, George W., Washington, D. C. 

Humphreys, A. A., U. S. A., Washington, D. C. 

Hunt, T. Sterry, Saint James Hotel, Boston, Mass. 

Hyatt, Alpheus, Boston, Mass. 

Johnson, Samuel W., New Haven, Conn. 

King, Clarence, Washington, D. C. 

Langley, Samuel P., Allegheny Observatory, Pa. 

Lesley, J. Peter, 1008 Clinton street, Philadelphia, Pa. 

Loomis, Elias, New Haven, Conn. 

Le Conte, John, Berkeley, Cal. 

Le Conte, John L., 1625 Spruce street, Philadelphia, Pa. 

Le Conte, Joseph, Berkeley, Cal. 

Lesquereux, Leo, Columbus, Ohio. 

Lovering, Joseph, Cambridge, Mass. 

Lyman, Theodore, Cambridge, Mass, 

Marsh, George P., Kome, Italy. 

Marsh, O. C, New Haven, Conn. 

Mayer, Alfred M., Hoboken, N. J. 

Meigs, M. C, U. S. A., Washington, D. C. 

Mitchell, S. Weir, 1332 Walnut street, Philadelphia, Pa. 

Morse, Edward S., Salem, Mass. 

Morton, Henry, »Hoboken, N. J. 

Newberry, J. S., New York City. 
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Newcomb. Simon, V . S. N., Wasliiiigton, D. ('. 

Newton, H. A., New Haven, Conn. 

Newton, John, U. i:!^. A. 

Norton, William A., New Haven, Conn. 

Oliver, James E.. Ithaca, N. Y. 

Packard, A. S., jr.. Providence. 11. I. 

Pierce, Charles S., U. S. C. S., 'W«shin«rton, D. C. 

Peters, C. H. F.. Clinton, N. Y. 

Pickerings, Edward C, Cambridge, Mass. 

Powell, John W., Washington, D. C. 

Pumpelly, Raphael , Newport, R. T. 

Rodgers, John, U. S. N., Washington, D. C. 

Rogers, Fairman, 202 West Rittenhousc Square, Philadelphia, Pa 

Rogers, Robert E., 1104 Walnut street, Philadelphia, Pa. 

Rogers, William B., Boston, Mass. 

Rood, Ogden N., New York City. 

Rowland, Henry A., Johns Hopkins University, Baltimore. 

Rutherfurd, Lewis M., 175 Second avenue, New York City. 

Schott, Charles A., Washington, D. C. 

Scudder, Samuel H., Cambridge, Mass. 

Sellers, William, Philadelphia, Pa. 

Silliman, Benjamin, New Haven, Conn. 

Smith, J. Lawrence, Louisville, Ky. 

Trowbridge, John, Cambridge, Mass. 

Trowbridge, William P., New York City. 

Trumbull, J. H., Hartford, Conn. 

Tuckerman, Edward, Amherst, Mass. 

Verrill, A. E., New Haven, Conn. 

Walker, Francis A., New Haven, Conn. 

Warren, G. K., \J. S. A., Newport, R. I. 

Whitney, W^illiam D., New Haven, Conn. 

Wood, Horatio C, Philadelphia, Pa. 

Woodward, J. J., U. S. A., Washington, D. ('. 

Worthen, A. H., Springfield, 111. 

Wright> Arthur W., New Haven, Conn. 

Young, C. A., Princeton, N. J. 
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